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FOREWORD

This technical report accompanies a proposal submitted

in response to the Grumman Aircraft Engineering Corpo-

ration, Long Island_ New York_ in response to Request

for Proposal No_ T-502705, dated 6 August 1962.

ABSTRACT

A Quality Assurance plan and a Reliability program for

performance _ under the applicable Grumman requirements
q

are presented. Included are statements of policies

and objectives, a description of the operating plan.

and procedures for accomplishing the plan. Detail

examples of Rocketdyne inspection_ specification_ en-

gine log, instrumentation, and control stamp books and

forms are appended. ]__.

((Inclassified Abstract)
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INTR 0DUC T I ON

The quality assurance and reliability programs of Rocketdyne are integrated

with respect to policy guidance through the director of Quality Assurance

and Reliability°

Because of the intensive requirements for reliability at the point where

reliability must originate--in Design Engineering_ the reliability organi-

zation reports to an engineering manager who reports to the chief engineer.

The reliability program has been written separately in order to define its

functions precisely°

The manager of Quality Assurance reports directly to the manager of the

Rocketdyne product operation in order to provide strength and effective

management to this vital function. The quality assurance plan, like the

reliability plan, is presented separately because of the specialized

position of this function in Rocketdyne management°

This is not to say that the only coordination and integration is accomplished

through the policy guidance of the director of Quality and Reliability. Co-

ordination of these basic functions takes place on many levels of the over-

all Rocketdyne operations, as illustrated by the activities of the various

reliability working committees described in these plans and by the details

in the quality control manuals, which contain procedures that implement the

quality control system.

1
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The following informaiioJ_ is submitted in response to and in accordance

with the instruct, ions outlined in The Boeing Company ?,eneral Proposal

Instructions for LL-_ Page 6; "Quality Control Requircmeats".

1. It, is estimated thai. approximately 30 (ave:rage per month)

quality control personnel will be assigned _,o this program.

2. The ratio of quality control production personnel to manuf-

acturing product.ion personnel applicable on t, his program is

estimated at approximately 1:5 respectivel.yo Fhis ratio

applies to all. fabrication._ shipping_ and associated manuf-

acturing operations°

3. There are several quality control management types who will

be associated with this program. The management structures

and organizat.iona] levels for the quality cor_rol operation

are described in t.he Quality Assurance Plan for The Boeing

Company_ Figures 1;2,3_ a_d _.

_. A Quality Control Management resume is contained within the

content of The Boeing Quality Assurance Plan uoder the head-

ing of "Management Structure" (2.1)o Personal resumes of

Qual:ity Control Management persoD,ne] are contained i_, other

portions of t.he Management Proposa].o

SkiLl LeveLs of quality control personnel that will be assigned

to this program are referred to within the conients of The

Boeing Company Quali.ty Assurance Plano

llillll IIII II I Ir'll
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RELIABILITY PROGRAM

The Rocketdyne reliab:ility program is based upon the thesis that careful

and thorough performance of certain disciplines and tasks leads to a

more efficient attainment of reliability .in liquid rocket propulsion

systems° These disciplines are mandatory for the high reliability

requirements of the .L_o

Reliability improvement can only be attained by action with construc-

tive influence on the design_ manufacture_ or use of the propulsion

system. With strong emphasis on this, some of the more important facets

of the reliability program at Rocketdzne are described in detai:l, to

indicate that Rocketdyne employs a wide spectrum of re].iability disci-

p].ines, and to discuss specific appl.ication to propulsion systems as

developed by Rocketdyn-o An :integrated program, from concept 1o use,

is first: outlined t:o show the manner in which the various tasks supple-

ment and support, eacb other°

REPORT 0RGAN'I ZA_ I 0N

Managemeni_ 0rga:nization_ understanding_ and suppori: of the reliability

program on t,he part of Management are discussed first because of their

importance in the areas of design_ manufacture_ and use.

Training.° botb educational and motivat,:ional._ :is dis_:uss_d separately

for the same reason.

Reliability Analysis; Prediction and Model_ eva!.uating all. available data

from past experieoce_ estimates the reliabilit,y that _y be attained by a

R-3729P 3
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careful, development program of the scope defined by requirements, budget,

and schedule° Const.ruction and analysis of a reliability model focuses

atteniion on critical areas and often suggests design improvements.

_Malfunction Ana]ysis_ again using all past experience a:_,d know].edge of

requirements and environment_ analyzes the design for potential modes of

failure° This is helpful in the Reliability Analysis func_iono It is

used in design review and in planning development test;_

In t.he design phases much information in usable form is provided the

engineers. Subjects with a strong emphasis on design are discussed

before secondary topics, such as data..

Human Factors En_.ineerin_ involves _,he systematic consideration of man/

machine interaction problems and their alleviation by d+,sigo and proced-

ural. improvements. This group :is directly involved i_ reliability moti-

vati.on_ systems testing_ personnel, subsystem developmet)( and other

rel.iabilit,y improvement efforts.

Maintainabil. it,y includes the human factors considerat, iot) but, goes fur-

ther with a s+trong drive to decrease maint;e.ance requirements° ._Many

reliabilit,y analysis techniques are applied to maintainability_ and the

two subjects are further coordinated in Design Review+ Maintainability

is considered in the design phase of the engine program t,o ensure that

it is part of the original engine system concept, it is therefore dis-

cussed under Design Review. Additional tasks are discussed under

Logistics.

Value Engineering, a systemat, ic and imaginat.ive con+idpra,ion of how the

required functions may best be achieved? not only reduces costs, but, the

attendant simplification of ten benefits reliability.

4 _ R-3729P



Hardware Protection (Packaging), Drawing Review_ Production Design consider-

ations, and Specification and Standards review and coordination are described.

Design Review_ a meticulous assurance that the design requirements are under-

stood and that all possible use is made of past experience (malfunction analy-

sis, checklists, etco).

The separate section on Quality Control describes the effort and controls to

obtain hardware consistent with the design as expressed by drawings and spec-

ifications. Vendor controls, for example_ are discussed in detail, so will

not be repeated under the Reliability Program other than to ensure that man-

agement provisions exist for thorough coordination and reporting. Additional

effort by the Reliability Group is illustrated by the following.

Reliability Testing discusses basic philosophy of development and qualifi-

cation testing°

Statistical Test Design techniques for efficient planning and analysis of

these tests are used throughout the program° This discipline is a powerful

tool in unifying concepts and their applications, failure modes, environ-

ments, overstress testing_ evaluating reliability progress_ etc.

Reliability Assurance requires special discussion due to the difficulty

of obtaining statistical confidence for very high reliability values.

Overstress testing concepts are discussed as an efficient method of obtain-

ing this assurance.

Data Reporting and Analysis systems are required to retain large quantities

of valuable data and permit digesting_ analyzing, and reporting it to those

who must see that it is incorporated into improved design, manufacture, or

use.

R-3729P ,_r, lirJnrl;v; i i 5
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Failure Analysis effort is applied to all failures experienced, running

the gamut from laboratory analysis of failed hardware, to human errors

in working with the hardware. A strong effort is made to trace the fault

beyond secondary results to the original cause. Problem followup status

is maintained.

Failure Recurrence Control then seeks to correct the fault, or lack, that

permitted the error, often requiring training, procedures, or management

controls. This must be established in a form so that the experience is

retained.

The third area of control to increase achieved reliability, Use, is dis-

cussed in the Logistics section. Specific contributions of the Reliability

Group are discussed under Human Factors, Maintainability, etc. The efforts

of both groups are closely coordinated; the Reliability Group, for example,

maintains a co, on failure data system.

RELIABILITY PROGRAM MANAGEMENT

Reliability is a management responsibility. The broad scope of a reliability

program requires definite provisions for policy direction, procedures, and

coordination, and for monitoring the reliability efforts of all departments

concerned. This is accomplished by the following organization.

The Rocketdyne Reliability Policy Board, with the Rocketdyne president,

executive vice-president, and major division heads as members (Fig. 1 ),

is responsible for policy direction, and creating a receptive atmosphere

so that necessary procedures and controls may be instituted.

6 R-5729P
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The director of Quality and Reliability is specifically responsible for

these functions, coordinating and monitoring the reliability program of

the various Rocketdyne divisions.

Space En_ines Product Operation

The manager of the Space _lgines Division, responsible for the design and

development of the _, has appointed a Reliability representative reporting

directly to the chief engineer.

The Reliability representative, together with the Reliability Central Group,

translates the _ reliability objectives into a reliability program. He

defines tasks and schedules, allots budgets_ monitors progress, and reports

to management on status or requirements of the reliability program. When

action is required on reliability problems, the representative has the

authority to secure action from various groups within Rocketdyne to resolve

these problems. Where it is necessary to accomplish special objectives,

task groups are formed within the existing line organization. Any dele-

gation of assignments of this nature by the Reliability representative are

accomplished through the various functional division heads. He is charman

of the Reliability Working Group.

The Space Engines Reliability Working Group, with members at the working

level from each department (Fig. 1 ), meet regularly to effect action in

those areas requiring coordination among the various departments. Each

representative reports directly to his department head_ and minutes of the

meetings are sent to all Reliability Policy Board members.

8 ,,,,,,,...... "-':': ..... R-3729P
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Implementation of the Space Engines reliability and maintainability

efforts is allocated to the Reliability Subdivision for execution

Reliability Subdivision

The Reliability Subdivision is a part of the Rocketdyne Engineering

Department, and, as a central group of all Rocketdyne reliability activi-

ties, is in the strategic position to influence and direct reliability

activities from the initial concept through design, development_ product

manufacture, and acceptance_ to its usage by the customer. The Reliability

Subdivision is headed by a manager, who reports directly to the chief

engineer of the Liquid Rocket Division of Rocketdyne The reliability

manager is also a member of the Reliability Policy Board described

earlier°

This group, with specialists in all the areas discussed in she succeeding

sections, formulates basic reliability philosophy_ procedures_ and sched-

ules. It assists the Reliability representative in casting these into

work statements which he then monitors for satisfactory fulfillment_

Through the disciplines subsequently described, this group focuses atten-

tion on possible problem areas_ and pinpoints the features that require

further effort to enable the attainment, of required reliability goals

When areas of deficiency are noted, the responsibility for action lies

with the particular group or department responsible for the occurrence

of the deficiency, such as Engineering_ Manufacturing_ Quality Control_

Logistics, etc. The Reliability Engineering Subdivision is responsible

for followup to ensure that corrective action is taken°

R-3729P r i;, -..-!,_._ , 9
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Procedures have been established within Rocketdyne to ensure that the Relia-

bility Subdivision is the focal point of all reliability data° Informa-

tion regarding tests in progress, failures during tests, field experience,

etc. is routed accordingly for examination. These analyses serve to inform

Management and all departments of progress, such as what components need

action, and actual product reliability° This information and subsequent

action are essential to the success of any reliability program.

A senior reliability engineer is assigned within this group to ensure that

all necessary action on this specific program is accomplished as required.

Many procedures have been established at Rocketdyne to ensure product relia-

bility. These activities have been incorporated into the Rocketdyne Opera-

ting Policies and Procedures Manual, Engineering Procedures Manual, Drafting

Instruction Manual, and Quality Control Operating Procedures, etc. Such

items cover a variety of subject matter, as they are company wide in scope,

and are applicable to various phases of reliability such as in design,

test and development, processes and specifications, manufacturing, quality

control, vendors, material, safety, packaging, calibra_,ion, field service,

etc.

THE RELIABILITY EDUCATION AND TRAINING PROGRAM

The scope of the program includes the skill and motivation training of

ai1 personneI affecting the reliability of the product°

The purpose of the skill training is to improve reliability through appl_

cation of the latest and best-developed methods of engineering_ manufactur-

ing, quality control, and material procurement techniques° This appli-

cation can only be obtained through the education of t,he people within

these activities.

10 ,-,,3iirir ...... R-3729P
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This training and education will be implemented through the Rocketdyne

policy of educational aid (i.e_., partial payment of tuition in local

colleges and universities) and through training courses within the

company°

The purpose of motivation training is to generate_ within personnel, the

desire to accomplish highly reliable tasks through awareness of the impor-

tance of their efforts as an integrated part of the national space

endeavor. The ability of management to instill this awareness will

determine, to a large extent_ the final product reliability

Reliability Analysis

A high degree of reliability of the _ propulsion system is required to

ensure the crew:_s safety and the success of the mission.

The development efforts are directed toward this end and are greatly en-

hanced by the efficient use of proved analysis technlques_ which are de-

scribed below. Among these techniques_ the most effective is the mal-

function analysis° These methods are currently employed:, and the results

derived from their use are continuously revised_ taking into account

subsequent better-defined mission requirements and improvements in hard-

ware and procedures resulting from the development program

Malfunction Analysis

The malfunction analysis is a description of possible modes of failure of

a component, subsystem or system for the purpose of focusing attention on

areas where changes and/or modifications in design or configuration could

result in a worthwhile gain in reliability°

R-3729P /H'': i r'" _''-": "-" : " 11
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The listing of possible modes of failure of the components, subsystems,

and systems, and of stress conditions that might induce each mode in the

anticipated environment, will provide a solid basis for analysis by

design review and for investigation of ways to counteract such incidents.

In the search for areas of weakness, the analyst se,_ks answers to the

following questions:

2.

3.

5_

o

What are the possible modes of failure of the component?

Ighat are system consequences of each mode of failure?

How well defined are environmental loads?

How sensitive is the functional output or s_,rength of the

component to variations in the level of en_lronemntal loads?

What are the margins of strength, factors of safety, and

other key design considerations that have been employed?

What is the predicted likelihood of failure?

Expected probability of occurrence of the various modes of failure is

derived from applicable experience on similar components or elements of

components.

The malfunction analysis is used: (1) to provide a chech on the design

to focus attention on those areas most likely to fail as well as those

malfunctions that have the most serious consequences (2) to provide a

basis for designing an optimum malfunction detection syst, em_ and (3) to

define anticipated modes of failure as a basis for statistical test de-

signs and detail test objectives. In addition to the malfunction

analysis, significant efforts are expended to cont, lnue to explore other

reliability methods.

12 _. R-3729P
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Reliability Comparison Studies

Through reliability systems comparison studies performed at an early stage

during the development program, the designer is provided with a comprehen-

sive evaluation of the relative reliability of alternate systems of sub-

systems under consideration for the desired requirements

Component and system Redundancy Studies

The achievement of complete redundancy in subsystems or components that

are in themselves complex, requires more than simple duplication of parts.

Even a relatively simple component, such as a check valve, may not permit

the attainment, of complete redundancy by such a simple method as the

addition of an extra component Based on the failure mode analysis and

the estimated probabilities of occurrence of specific modes in individual

components or subsystems mathematical models are formulated based on

varying degrees of redundancy° Full consideration is given to the

interrelation of failure modes in redundant system5 and these studies

assist in determining which is the best and the most economical way of

increasing reliability°

Manrating and Malfunction Detection Studies

Exploration of the techniques previously described are directed mainly

toward the selection of the most advantageous means of developing the

highest possible mission reliability, with the ultimate assurance of

maintaining the safety of the crew., Reasonable compromises in mission

reliability may be necessary to increase the safety of the crew; a mal-

function detection system_ included to limit the seriousness of the con-

sequences of a malfunction:, may decrease the mission reliability through

R-3729P nr, iirir,_)iT; i; 13
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the chance of an erroneous malfunction signal, while increasing the

safety of the system° In this area_ malfunction detection systems are

being investigated and analyzed to reduce to a minimum the degradation

of mission reliability°

Reliability Estimation

At significant development milestones_ reliability estimates are com-

puted from results of applicable component and system test, lng_ to in-

dicate the growth of reliability_ This is done by estimating the

system reliability from the individual reliabilitles of the various com-

ponents which constitute the system° The evaluation of the estimate is

based on data from applicable testing performed during the development

and acceptance test programs, adjusted t,o be comparable t,o the exposure

hazard encountered during a mission_ through the use of a mathematical

model°

For a specific mission requirement, individual component reliability

values are obtained in the form

_t
a = (l-p) J e- (1)

where

p = combined transition failure probability of a start-stop cycle

j = required number of start-stop cycles

= failure rate of the operating component

t = required operating time

i_ ,,,_,-iirln_'-:.... R-3729P
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Then for a system of components in series the system reliability is:

n n

R = 7T (l-Pi)J e exp -Z X , t,_
1 1-=- i=.l i i

(2)

where

j = the number of required actuations of the ltrh component: and

n = the number of components in the system,,

The use of Eq. 1 to determine component reliability is as follows: All

the malfunction data derived from englne testing are reviewed,and the

failure effects are analyzed. The malfunctions that affect engine opera-

tion in such a way as to cause a mlssion fallure are considered critical

failures, and are categorized into three classes:

=

2,

.

Start-stop Cycle Phase.. Critical failures that occur during

start or shutdown phases are placed in this classy eogo_ pro-

pellant valve failure to open at start,, or slow in closing at

shutdown.

Engine System Flring Phase This class ]ncludes the critical

failures that occur during engine system firing: eog,_ thrust

chamber jacket, burn through during the run°

System Pressurized Phase° Critical failures that occur in a

pressure-fed system when the system is under static pressure

and engines are not firing are placed in this class_ eog,,_

propellant tank flange pneumatic leakage when system is in

pressurized state between fir]ngs

R-3729P 15
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The test data from engine firings are used to find the number of test

exposures for components_ component accumulated firing time_ and component

accumulated time when the system is under static pressure With this

information and the malfunction data categorized into the three classes_

the following are calculated for each component.;

2_

3_

Ratio of successful start-stop operations t.o total number of

start-stop operations (S/N:, equivalent to 1-p in Eq° 1)

Engine firing phase Mean-Time-Between-Failure (MTBFf = 1)

),f
System pressurized phase Nean-Time-Between-Fallure

P

In addition to the above information_ it is necessary t.() establish the

mission requirements for which the engine system reliability ls to be

determined,, viz_

2.

3o

Number of start-stop cycles (j)

Total firing duratAon (if)

Total time system in nonfiring pressurized st.at.e (tp)

With the mission requirements defined, Eqo 1 is used to determine the

individual component reliabilitiesL

Environmental Crii;eria Study

An environmental criteria study is prepared to ensure that all personnel

associated with the design and development of environment-sensitive

hardware are cognizant of the magnitudes of the vario_s environments

16 __,_,,,_. R-3729P
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detrimental to performance and reliability. This criteria study presents

a single coordinated summary of the environmental condition and intensities

that an engine system will be exposed to during transportation, storage,

and operation. This document serves as a guide during design, development,

and testing.

An important initial step in design formulation is the determination and

specification of the environmental conditions to which each component will

be subjected° This information is later verified, where possible_ by

system and subsystem testing> and provides a basis for environmental test-

ing and qualification°

The environmental criteria study first determines the typical life cycle

of each component This includes such operations as checkout_ assembly,

transportation, acceptance test missile assembly_ launch and firing.

Each operation involves exposure to varying degrees of environment. The

conditions relating to a speclfic component may be quite differen_ from

those ambient to the whole engine; for example_ a component located near

a heat source or sink will experience temperature conditions that may

differ considerably from the ambient°

Environments considered in the analysis include the conditions of pressure

altitude (including vacuum conditions) and associated problems of corona

discharge or arc-over in electrical components: zero gravity, vibration_

endurance, radiation_ ignition proof, radio anterference, and temperature

encountered in engine operation and shock_ corrosion_ fungus_ h_nidity,

and sand and dust usually encountered in storage: transportation_ and

handling.

R-3729P _-,riirl,-_ ....... 17
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Levels of these environments expected to be encountered in st.orage_

transportation., and operation are determ]ned_ Based {,n these values_

levels are recommended for R&D test and quallf]_atlon ,_,sts This in-

formation is distr]buted to design and development en_l,Jeers to pro-

vide a basis for formulation of the design and plannli,_ of the develop-

ment t.est program°

Tests on the subsystem and system levels are lastrtgnented to verify

environmental conditions created by the system [h_ t_lteria are then

revised to more realistically represent (he actual component env]ronmentso

HUMAN FACTORS ENGINEERING

Lunar Excursion Nodule engine syst.ems mus_ be capable of being fabri-

cated_ handled:, tested installed, malnt:alned and u.ed _lthout degrada-

tion of inherent design tel]ability, and without incurring hazards

relative (o t.helr final operational emplo)_nent I t _ particularly

important to forestall degradation of systems rellablllt:V by human error

variability when complete and fully operational svstcm:_ are to be re-

quired on compressed time schedules, A pre,entive rt, llablllty program

in the human factors area serves to minimize h_ma[} e_ror through

assurance of appropriat_e equipment design and the u_e of effecttve

procedures Th_s effort includes activities related to design develop-

ment, manufacturing _nspection: and ma_nt.enance of _he .ystem. as well

as development testing, operational demonstration t_dn_port, and opera-

t_onal use

Human Error Invest.igat_on

A significant proportion of the causes of test malfunct_o_s or' delays and

component failures or difficulties are directly _((r_but,lble to human error.

18 ,- -- __ _. . .'-":" '; q i" :-'- -" " R-5729P
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A Reliability human-factors engineer is assigned the responsibility for

monitoring the failure reporting system, and reviewing all reports that

are directly or indirectly attributable to human error. Surveillance

is maintained over human error reported through various reliability

test, demonstration, qua]ification, production monitoring, and field

data reporting programs. The engineer is responsive to other reports

from project engineers and test personnel regarding human-initiated fir-

ing stoppages, damage, malfunction, or difficulties associated with the

servicing, inspection, handling, operations or maintenance of the

engine system and its related ground support equipment and facility

interfaces. He personally observes t:he operation and handling of the

engine system and associated equipment, in various locations, to help

find all possible sources of human error or difficulty. The analyses

of the causes of such difficu].ties are oriented toward finding suitable

corrective action, namely, design or procedural improvements, which

will help to prevent the recurrence of this type of potential

difficulty.

Human Engineering Surveillance

The design of all man/machine interfaces should be in accordance with

generally accepted human engineering design principles and practices.

These design criteria provide for maximum simplicity and ease of handl-

ing, servicing, and operation. An attempt is made to ensure that the

design prevents, or is maximally resistant to, the sources of human

error anticipated in the operationa] environment. An attempt is made

to minimize and simplify the maintenance, s_orage, and handling proced-

ures. Careful attention is paid to the procedures for the diagnosis,

confirmation, and replacement of possible malfunctions.
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Potential personnel hazards are reduced or eliminated t,hrough the use of

design features that minimize the possibility of accidents, Consideration

is given to those ini,erface areas of design between Ro_ketdyne and other

contractors_ which have lmpllcat, ions relating to personnel skill and train-

ing requirements, job aids and manuals and test and evaluation procedureso

Emphasis is placed upon the system integration relative to human factors_

of the engine system and its associated equlpmeot in assemblv_ test faci_

it, ies, and the vehicleJ Tile lmpllcat]ons relative (o training require-

ments and training equ]pment manuals of operating and maintenance in-

st,ructions, and the evaluation of on-the-job skill o_ proflc]ency factors

are carefully considered Ro_ketdyne also conduct.s hi.an engineering

evaluations to _er]fy the adequacy of hi.an task performance, safety:, and

human reaction to the system relat]ve to the operational hardware ]n the

operational configurat]on and working envlror_ent,_

System Test and Eva]uat]on

Despite careful design and (omponent development tests it has become

increasingly obv]ous that ]n the development of complex systems, in-

dependent or collaborative operat]ona] systems, t.est, s and e_aluation

procedures are vital to the attainment of maximum systems effectiveness

or operational capab]lity Special syst, ematl( operability t, est, s are

conducted to ensure and verify the suitability of human factors provi-

sions_ the englne/"AGE,'personnel compatibility and the correctness:

clarity, and adequacy of procedural instrutt,]onso Equally important, is

the necessity for system re-evaluation test.s to ensure the suitabiliiy

of modification kits procedural changes: and change_ o[' parts, materiaIs_

or sources of _upplyo The ob3ecHve of this effort is therefore, the

evaluation of the operat]ot_al effectiveness of the pt'upuls_on system

under operational criteria
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The operability verification tests are conducted under the technical

cognizance of reliabi].ity/human-engineering personne]_ and in close

collaboration with the responsible engine systems, ground support equip-

ment, maintenance analysis, and handbooks or procedures groups. These

tests are conducted by a special test team to verify the ease of opera-

tion, servicing_ hand].ing, and maintenance of Rocketdyne equipment.

Reliability Motiva ti on

In the implementation of the re].iabi!i_y training program_ the services

of human-factors consultants are available to analyze the requirements

and outline a program for constructive training. Human factors will

also be considered :in providing re]iability communication and informa-

tion in a manner that ensures greater retention and utilization of

practical experience and the benefits of the training°

The use of special, motivational, training techniques_ such as audio-

visual devices_ are employed in certain critical, areas. This is done

on a limited basis_ following careful study of the actual need and

optimum progra,aning techniques that shou].d be employed. Review of pro-

posed motivational_ training aids or programs is made by a qualified

psychologist from the Reliabilifry Human-Engineering staff.

Personnel Subsys tern Ana lys is

Technical guidance is provided to the personnel responsible for personnel

subsystem basic data devel.opment below the ]evel of the systems analysis

function, including development of the Systems Functional Flow Diagrams,
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QQPRI_ Task Index with time line, Position-Equipment Task Summary,

Training Requirements, Training Equipment Justification, Technical

Manual Requirements, and the basic field requirements for the collec-

tion and validation of PSS data° A human-engineering review is pro-

vided for> as required, on all personnel subsystem data and documentation.

MAINTAINABILITY

Maintainability for the Lunar Excursion Module is defined as those design

features that make it possible to perform the required maintenance in

space to meet mission reliability and safety objectives , and to perform

the necessary ground maintenance with the minimum expenditure of effort°

Maintenance is defined as an accumulation of all the actions necessary to

make ready for use,, maintain:, and restore the LEM propulsion system to an

operating condition,.

The Rocketdyne I224 maintainability program consists of:

lo

2o

3o

Defining maintainability objectives

Designing for maintainability

Predicting maintainability design characteristics

Reviewing and evaluating maintainability features°

Maintainability Objectives

Maintainability features must be considered in the design together with

performance s reliability., cost, etc. Subsystem and component maintain-

ability objectives are prepared in the form of design checklists to

provide the design engineer with basic malnt.ainablllty guidelines.
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Design for Maintainability

Maintainability as a design parameter is taken into consideration in all
¢

design decisions. Maintenance time and material resources such as spares_

too]s_ and expendables: constitute the measure of maintainability for a

given design or design approach Maintainabllity_ performance_ and re-

liability are considered together in achieving good deslgn

The following maintalnabllity prlnelples are used as guidelines during

the design of the vehicle propulsion system:

I°

.

3_

5o

Design to minimize the complexity of main¢.enance by maximum

use of simple deslgn; wh]ch eliminates or decreases the re-

quirement for maintenance

Design for positive recognition of equipment malfunction or

marginal performance and positive identification of replace-

able parts,,

Design to require a minimum number of tools_ test equipment_

and spare parts..

Design for optimum accessibility.

Design so that the mean time 6o accomplish maintenance work

is sufficiently low to ensure mission SuccessL_

Maintainability Predictions

Maintenance task analysis i8 the analytical tool utilized to predict the

maintainability characteristics being incorporated into the design_ Sub-

system and component designs are analyzed in detail to determine all pos-

sible tasks, the number of personnel required_ the work location, and the
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tools and expendables required for each maintenance action Maintainability

predictions are accomplished concurrent with design progress, and permit

analytical evaluation of the design at a time when maintenance requirements

may most easily be lncorporatedo

Maintainability Review and Evaluation

The established Rocketdyne design review function includes a formal examina-

tion of all designs for maintainability characteristics, to ensure adequate

considerations to the principles outlined above_

Maintainability features are evaluated during the normal course of pro-

pulsion system development and acceptance testing by collection and evalu-

ation of maintainability data, Human Factors represent, at]yes critically

examine the engine support equipment_ manuals, personnel and the complex

to ensure good performance of the integrated system

VALUE ENGINEERING

Rocketdyne maintains a comprehensive Value Engineering program as a regu-

lar part of its efforts to elxsure maximum effectiveness ]n contract per-

formance_ Consequently: cost, estimates for this proposal are based on

the anticipation of normal improvements and cost savings due t,o Value

Engineering effort°

Value Engineering Staff

A full-time Value Engineering staff reports directly to the manager of

the Reliability Engineering Subdivision, Staff members are qualified

specialists, chosen for their broad backgrounds ]n design production_

procurement,: and quality cont, rol_ All have received special tra]nxng_
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and are experienced in Value Engineering staff activitleso The staff is

responsible for directing and assisting in the performance of Value

Engineering program actlvltieso In addition to the central staff_, two

other Value Analysis groups are operational in the Manufacturing Services

Organization and in the Material Division Cost Reduction Group_ Manu-

facturing Services revlews tooling and planning concepts for internal

cost control, and the Cost Reduction Group is responsible for motivating

suppliers to assist in the cost reduction analysis of supplier designs and

processes.

Motivation

A continuous program of general education is conducted to impress program

personnel with the need for value engineering, the techniques used, and

the results that can be accomplished These themes are maintained through

staff newsletters and reference publications by means of posters° ex-

hibits., product and process displays: by brochures_ briefings and demon-

strations directed to special groups, and by generally available staff

consultation and assistance_

Specialized Training

A regular training program in the detailed understanding and use of value

engineering techniques is conducted for key program personnel in all

departments. The training is accomplished by means of a 36-hour seminar_

during which trainees receive 16 hours of instruction in the organized

system of techniques known as the Value Engineering Work: Plano This plan
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is essentially a six-step problem-solving procedure incorporating the best

available techniques for planning the problem-solving effort, promoting

thorough understanding of the problem situation, guiding precise definition

of the subproblems, concentrating effort where it is most effective_, stimu-

lating creative thinking_ assessing thorough cost-or]ended evaluation of

alternate solutions,, and facilitating approval and execution of recommenda-

tions. An additional 20 hours are spent in practical team application of

the approach by studies of current, hardware designs Sound recommendations

arising from the studies are incorporated into the actual design and pro-

duction processes.

Value Study Teams

The primary obJective of the Value Engineering effort is to eliminate all

unnecessary program costs, while malutaln]ng the functional performance

and reliability requlre(t of tile end item. Key tool in accomplishing this

objective is the Value Study Task Team, A sufficient, o_nber of task teams

are organized to maintain the planned level of Value Eng]neering effort_

Team members are designated by the respons}ble design and production groups_

and a staff value engineer is assigned to each team During component

design: the teams conduct comprehensive analyses of the concepts embodied

in the designs, leading to recommendations for changes in the design ap-

proach: and for establishment of plans and concepts of tooling, procure-

ment. fabrication, and quality control. Speclficat, lons environmental

parameters_ performance cr]teria_ ma]nt, enance requirements tolerances_

and finishes are exam]ned and questioned to ensure max]mum simplification

consistent, with the necessary functions of the component Studie_ are

coordinated with Reliability Design Review schedules so that recommenda-

txons may be incorporated for Design Revlew Board conslderatlono
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Documentation

Recommendations resulting from value study action are presented in a

written report addressed to those responsible for the affected effort.

The report consists of a summary of the study effort_ and a description

of the recommended changes_ estimates of cost_ and weight or reliability

improvements.

Files of these reports are maintained by the Value Engineering staff, and

systematically checked to determine action taken on the recommendations.

Study activities and adopted recommendations are described in contractu-

ally required reports°
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PRODUCTION DESIGN

Hardware Protection System

The objective of the hardware protection system is to provide primary

physical and auxiliary chemical protection to the Lunar Excursion Module

propulsion system and supporting hardware throughout the entire hardware

life cycler from raw materials to customer usage and/'or storage. This

is accomplished by the application of protective devices such as closures_

enclosures_ supports,, containers, and supplemental environmental control

systems.

At the same time that materials, processes design, and syst.ems problems

ore being evaluated and solved the protecli',e system for packaging,

handling: transpor'tation and storage 13 analyzed relatlx, e to the pre-

vention of reliability degradation during all functional phases° The

general concept and performance requirements for the over-all protective

system for t.he engine subsystems, and major components c_r'e defined and

document edo

An analysts is made of all conditions starting with the details of

manufacture and ending with the complete Lunar Excmsion Hodule propul-

sion system: encompassing twelve major areas: shipmen( to Rocketdyne,

Rocketdyne receiving:, inplaut handling: inplant stolage, lnterplant

movement, customer shipment, customer receivtng: and Cus(omer handling_

customer st, orage: customer usage: and organizational Inter-relationship

of the abowe areas° A program is matntained to lmproxe the motivation

and skills of personnel handling the hardware during t,he many phases

involved°
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Drawing Review

The reliability checking activity checks engineering drawings_ equip-

ment specifications, Engineering Orders, Specification Control drawings

and related engineering data for conformity to established manufacturing

and engineering practices_ and for practicability and completeness of

thought and presentation.

The checking activity calculates the fit_ feasibility of manufacture,

and in many cases, the function of a design. It ensures freedom from

interference and an awareness of the possible l_e of standard parts and

production engineering techniques.

SPECIFICATION AND STANDARDS REVI_4

The specification activity assists in the preparation and release of new

and changed material, process_ and equipment specifications found neces-

sary to support changed engineering and ground support fabrication and/or

test procedures and clarification.

The standards activity maintains company and government standards_ draw-

ings, and specifications used for all component fabrication. Changes in

these items are coordinated with design units _hroughout the contract

activity. It also assists design engineering in evaluating failures of

commercial and standard parts.

Production Design Analysis

The prime function of the production design analysis activity is to

assist the design engineer in the evaluation and design of rocket engine

components from the standpoint of simplification, producibility_ and
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optimum fabrication techniques. Production design analysis provides

the design engineer with specialty information concerning such areas

as conventional and numerically controlled machining, allied metal-

removal methods such as ultrasonic, chem-milling, electrical discharge,

etc., thread rolling, gear forming, splines, etCo, sheet-metal fabrica-

tion operations such as spinning, hydro-forming, shearing: punching,

etc., forging, casting, and extrusion processes, tube-forming welding

fabrication, spring design, and cost analysis.

DESIGN REVIEW

An existing, independent audit team within the Reliability Engineering

Subdivision, composed of senior-level engineers_ and supported by

various technical specialists, evaluate the design and development

processes to ensure that the best design disciplines and practices are

followed, to determine that all applicable past experience is considered,

and to focus attention on all areas where operational reliability of the

engine systems might be adversely affected. The scope of activity of

this team starts with the basic schematic drawing, and is carried down

through lower-level drawings as required. At_ainmeni of the highest

possible hardware reliability is dependent on its ability to be manu-

factured, serviced, and inspected. These factors are considered es-

sential elements to be evaluated in the course of the design review

program.

The program summarized above and outlined in additional detail in the

following paragraphs is in actual use at Rocketdyne on present pro-

grams, and has proved to be workable and highly effective. The space

engine system design review function uses the same nucleus of personnel

to provide the required design review coverage.
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Three stages of the design review generally are performed on all new

designs. These are designated as preliminary_ critical_ and final.

Special reviews are also conducted on modified designs° Purchased

items are similarly subjected to design review.

The preliminary design review is held early in the design phase to

evaluate the basic concept or design approach against the performance

and environmental requirements. Engineering analysesr preliminary

sketches_ schematics_ layouts, and preliminary check lists are used.

Simplicity of design and the use of standard:_ proved design concepts

are stressed. Functional and environmental parameters are reviewed

for accuracy and assurance that design margins for stress_ pressure

rates, leakage, and other performance characteristics are adequate to

meet specified requirements under all usage conditiOnSo Engineering

data are reviewed to assure that thorough static and dynamic analyses

have been performed. Inherent materlal or stress problems are recog-

nized, and action is assigned for test and resolution early in the

design phase.

The critical review is held on completion of the formal layout, just

prior to the start of detailing. The layout_ check lists, complete

static and dynamic analyses, malfunction studies_ material and stress

work, and any component evaluation Lest work are reviewed to ensure that

nothing has been overlooked that could impair the reliable performance

of the resulting hardware° The effects of part tolerances_ fluid dy-

namics, and fatigue due to vibration or environmental extremes are

evaluated. Human factors considerations are evaluated to avoid design

conditions which may lead to improper assembly, handling: storage, or

installation. The malfunction analysis is reviewed in detail to ensure

that a thorough evaluation of all failure modes and causes was made_
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that time of occurrence was considered, and that everything possible

was done to render failure less probable and less critical through

redesign, derating_ redundancy_ or other methods°

Upon completion of development tests_ the final review is held prior

to the release of deliverable hardware. All drawings_ process specifi-

cations, test reports, check lists and prototype hardware are reviewed

to ensure that complete implementation of previous review action items

has been made_ that drawings and process specifications exercise ade-

quate direction and control of parts fabricai, ion:. ha.ndlHlg and func-

tional check_ and that development test results reflect achievement of

all design goals. Tooling, manufacturing processes, cleaning_ handling,

packaging and storage methods are investigated_, Quality control meas-

ures are evaluated, and acceptance and checkout tests are reviewed to

determine that future reliable performance can be ensuredu Handbooks

and bulletins_ if included in _he program_ are evaluat, ed to ensure that

adequate service_ installation, and removal practices are defined.

Whenever new requirements or development test problems arise tlmt in-

dicate the need for design changes_ special reviews are held to evaluate

the cause and the proposed solutions. Special reviews arc also used to

evaluate critical design areas in general applicatlon_ such as flange

seals_ brazed joints_ etc._ and for specific component problems too

complex or time-consuming to be covered in t,he general reviews°

STATISTICAL TEST DESIGN

The attainment of high levels of reliability requires careful attention

to all details of product planning_ design, and development. To

achleve these levels economically requires efficient, utilization of
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test time and test, hardware_ Statistical test design satisfies both of

these requirements for test programs of all types. The program ef-

ficiency achieved with statistical methods exceeds that avllable with

intuitive, nonstatistical procedures°

Uhen used in support of sound engineering judgment_ the method_ of

statistical test design offer many advantages to a development, program°

Notable among these are the completeness with which test objeculves are

developed, and the increased accuracy of the resultant conclusions.

Because of the efficiency of these methods_ greater quantities of usable

data are acquired, and the total effort to achieve specified develop-

ment and reliability goals tends to be reduced, A measure of _he rela-

t;ive importance of variables being investigated is obtained_ allowing

effort to be concentraLed on those variables having greatest influence

on the system. In addition to obtaining an estimate of the basic

parameters, statistically designed tests provide a means for estimating

experimental error; thus allowing a be_.ter understanding of the operating

characteristics of the test process.. Finally_ when confidence levels

are established_ it may be possible to determine the number of tests

needed to attain a given objective. Taken in its entJrety_ statistical

test design offers a comprehensive method for formalizing a test pro-

gram.

Over a period of many years_ Rocketdyne has used statistical test design

in numerous liquid-propellant rocket engine investigations° Designs

for the study of performance characteristics of components and systems,

the evaluation of processes_and the selection of optJmum hardware de-

signs are but a few of the many designs Lhat have been developed_ This

background of experience is brought to bear in the preparation of test

programs for the Lunar Excursion Module propulsion systems°
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There are several standard statistical designs suitable for rocket

engine system and component testing. Some of these are the factorial

design, the rotatable design_ the composite rotatable design: and the

sensitivity experiment. Analytical techniques available for proces-

sing data required in a statistically designed test program are the

analysis of variance, regression analysis_ multivariate analysls_ dis-

criminant analysis, and sensitivity analysis_ For most test programs,

one of the standard designs is used. However, in those instances

when a unique test problem arises, Rocketdyne develops a statistical

design from fundamental concepts. By tailoring a design to specific

test requirements_ maximum advantage is taken of the techniques of

statistical test design.

Program costs and schedules are directly related to the m_ber of

tests performed. With an efficient statistical test design: testing

to achieve specified goals tends to be reduced, Statistical test

planning is an integral part of Rocketdyne's reliability program° It

offers a comprehensive method for critically analyzing development and

reliability objectives, At present there appears to be no better

method for formalizing a test program.

An example of the application of the principles of statistical test

design to the development of a rocket engine is given b(_low and a

table is presented to facilitate the selection of a test plan for

comparing injector designs for the purpose of determlnl.g the best

performing injector. The test plan is based on performing a given

number of tests on each of several injector designs a! nominal condi-

tions. The comparison uses specific impulse as the measure of per-

formance. This approach is based on the assumption t,hat, an injector

that performs best at the nominal point performs best an_where withln

the range of required operation. The test plan for analyzing injector

differences is based on the use of the T-method of multiple comparison.
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RELIABI LITY /(SSURANCE

The primary goal in the development of the LEM is the achievement of the

maximum inherent reliability possible with the funds and time available.

To obtain this reliability, new concepts must be formulated, and past

and present methods of reliability measurement and demonstration must be

scrutinized to determine their applicability to the LEM program.

The demonstration of high reliabilities to levels of high statistical con-

fidence is extremely difficult,costly,and time consuming. The number of

tests required to statistically demonstrate even 99.5 percent reliability

to 90 percent confidence is 560 with no failures occurring. To run these

tests solely for demonstration purposes is considered an inefficient

expenditure of effort, when that same effort could be applied to further

development of the system. To achieve the maximum reliability with a

minimum of time and money, the following program is proposed.

In view of the concept that reliability begins with and is inherent in

the basic design of an engine, maximum effort is applied in this phase.

i

1

!

I
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]

1

t

i

1

Early in the design stage, upon definition of the mission and environmental

conditions, a comprehensive reliability analysis is performed including

system reliability analysis, failure mode (malfunction) analysis, and re-

dundancy and comparison studies. These analyses result in the formulation

of a logical mathematical model used to determine system reliability on a

component and subassembly basis. The information gained from this process

provides design criteria covering all the conditions and requirements for

a reliable product.
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This technique_ which is described in the Analysis of Variance by

H_ Scheffe, uses the following statistic _

where

x I - x z

q - s//- n

X = highest average specific impulse observed for an

injector

x 2 = next, highest observed average specific impu].se for
an :injector

s = pooled s¢,andard deviation of all the observed specific
impulses

n = number of tests performed on each injector

This statistic compares observed performance of Lhe t_wo highest, perform-

ing injectors to determine whether the highest observed performance is

significantly higher than the performance of the other injectors:

Before a specific test plan can be formulated_ it is necessary to know

the following:

[° k_ the number of inject, ors being compared

2, n,; the number of tests per lniector

3_ d_ the difference betwee:o inject.ors_ in /erms of specific

impulse_ tbat :is felt _o represent a substantial, improvement,

_. _ _ the risk /,hat i,his subst,ant, ial improvement will go

undetected due t,o sampling variation

5. Q _ the risk that two inject, ors will appear t,o be different:

when in fact, they are ident, ical in performance capabilit,y

6. (7- _ tbe approximate test-t,o._test standard deviation
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At the present time, these numbers are unknown. As a result, a table has

been formulated to take into account the possible values that the above

unknowns might assume. Table 1 presents the value of d that results from

the particular combination of the aforementioned unknowns. The table is

based on a O- of 0.5 percent of a minimum specific impulse (_ 515). It is

not necessary to vary O-, since it is directly proportional to d. As a

result, if it is found that O-is actually closer to one percent, a new

table can be obtained by multiplying all the d's by two It is felt that

50 tests would be the maximum number allocated for such a program. As a

result, only test series involving 50 or fewer tests have been considered.

The use of the table can best, be illustrated by presenl_ing an example.

For this example, assume the following:

1. There are five injectors to be compared,

2. A risk of five percent is taken that a true difference of 5.4

seconds between injectors will go undetected,

5. A risk of 20 percent is taken that two injectors that appear to

be significantly different are, in fact, equal in performance.

4. The test-to-test standard deviation is 0.5 percent.

Entering the table for _ = 0.05, _ = 0.20, and k : 5, the value of d

most closely matching the 5.h second requirement is 5.3b. This value

occurs for n = 6. Therefore, to achieve the desired degree of protection,

it will be necessary to perform 6 tests on each injector.

36 R-3729P



14[q(IP_[ k | . ! |D_h ¸ _D

When the design has been completed, a progressive test program is ini-

tiated. The primary purpose of the development program is the discovery

and correction of system weaknesses. At first: components are tested

under nominal conditions to determine performance characteristics and

general design integrity. Testing then proceeds to maximum specified

conditions and overstress testing. 0verstress testing is a means of

accelerating the discovery of weaknesses in the system by subjecting

components to conditions above those required or expected. The types

of overstress tests and stress levels reached are determined through

studies of the expected failure modes (from the malfunc_,ion analysis)

and environmental conditions through an environmental criteria study.

Modes of failure that are not forestalled by redundancy_ and that would

have the most serious consequences to the mission, have first priority

for rigorous overstress investigations. Reduction in failure probabil-

ity of these modes most materially affects over-all system reliability.

A substantial effort is directed toward the thrust chamber/injector com-

bination. Development objectives are directed, as well, to proving the

concepts of redundancy employed in the design to ensure that the reli-

ability predicted by the mathematical mode] can actually be realized.

By subjecting a component or system to elevated stress leve]s_ failures

are induced and weaknesses are revealed more quickly. Thus_ corrective

action can be taken earlier in the program° [he techniques of statisti-

ca] test design are employed to ensure the maximum amoun¢ of information

and efficient acquisition, interpretation, analysis_ and use of this

information, with a minimum number of tests.

When malfunctions do occur, they are evaluated to determine (1) the mode

of failure, (2) the mechanics of the failure, (3) the cause of the fail-

ure, (h) whether the cause is at, tributable to design or manufacture, (5)

the relevancy of the failure to the mission (Is it critical and can it

occur during the mission? How does the environment of the test relate to the

mission environment?) and (6) the best method of correc_,ing the conditions
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leading to the failure_ Ihe melhod of correct.ion may include strengthening

the part, r'educing or lsolat.lng the applied stress, making the consequences

of the failure unimportant: or changing the design, i.e_, employing r'e-

dundancy or improving the manufacturing process Afte_ corrective action

has been taken:_ tests are conducted to ver'zfy the effectiveness of the

coFFeetion

Ihls process of disco_erlng faliureso correct.lng them:_ and providing the

correction is considered to be a method of ensuring the a(hlevement of

maximum reliability with the most, efficient expenditure of effort_

0verstress TesLing

The Reliability Assurance proglam relles heavily on overstress testingo

As the hard, are 1s developed to a hlgh reliability failures occur so

infrequently that it is hard and expensive to locate potential problems°

0verstress t.estlng is a t.echnlque to disclose potential u.eaknesses more

efflcient.ly so t.hat proper act.ion may be taken for lmprovement_ Over-

stress test, s probe beyond normal limits of vtbratlon_ temperature, speed,

stress, procedures,, operation sequences, t, lmlng sequence, ete_ Care

and judgement must be used so that normal failure modes are accelerated

_ithout introducing ne_ types of t'atlure modes, Malfunction analysis

is an aid in thxs planning to seek the _eaknesses of each potential failure

mode° Frequently it is found to be more efficient to do th_s overstress

testing on components in a laboratory _here such stresses can be more

carefully controlled, and also can be more widely varied (0n an engine,

an overstress on one component, is limited by syst_em tie-in to other

component limits.') in other cases, ii_ may be more efficient, to simulate

multiple envi:ronment.s on the system level°

R-3729P



RELIABILITYEVALUATIONTESTS

To further aid in the development of reliable hardware and manufacturing

capability at the earliest possible data the following test programs are
conducted° These test programs are performed or monitored by the Relia-

bility Group to obtain an impartial evaluation.

During the R&Dphase of the program the Reliability Test Unit evaluates

the components that are considered environmentally sensitive. Components

and/or systems are exposed to environments that are considered detrimental

to reliability. The intensities of these environmental conditions are
representative of the service conditions as specified by the environmental

criteria. The major effort is placed on vibration, humidity, temperature

and life-cycle tests, the environments considered most conducive to mal-

function° Information gained from these tests is utilized to determine

if redesign effort is required. Subsequent retesting is performed in any

cases involving redesign_

This program is accomplished as a joint effort by reliability and develop-
ment engineers. The possibility of oversight during the testing effort is

minimized through a plan of this type°

Reliability Verification Tests

The Reliability Verification Test (RTV) program is designed to verify,

through testing, measuring, and/or evaluating data from other records or

previously conducted tests, that a specific manufacturer's process is

capable of producing an article that will reliably satisfy all service

requirements.

41
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The RVT program applies to comoonen_s and assemblies that are considered

susceptible to performance failure or degradat:ion by vir,ue of varia-

tion in manufacturing techniques: and for which ell,her a failure or per-

formance degradat.ion would normally cause a safety h_Tard: or prevent

achievement of a performance objective of t,he missile, or space vehicle

syst, em_ or cause undue field _aint, enance and/or de.Lay in launch. I'he

program applies to procurement from Ro(ket.dyee plan_s o'her North

Ameri_can Aviation Divisions ond/or suppliere.

RVT is performed:

1. On flrst avai lable items from a source

2. Upon a significant change in process or subcontract, structure

5. Upon a design change that, may affect reliability

Component, Qua].ification Iests

Prior to re].ease of comvonent designs for produc_,io_._ o formal qualifi-

c_i.ion program is performed° Yhis test program is desig.ed to ensure

that. all sensii:ive cowponents are capable of fulfJ]:._e. _, of the mission

requirement, s. ihe tests t,o be performed a.d f:est_ i..,eo.s_ies sel.ec_.ed

will be mutua].l.v agreed upo. by Rocke,_dyne and t,he cus*ocero

DAI_A B,EPOR1:IN5 &ND AL_.I:YS IS

One of t,he basic services required :in support of the I:unar Excursion Mod-

ule propulsion system__ prograw is thaf the cont,ra(:tor (:o]!eCtSo analyzes

and disseminates rel.iability and maint, ainabilily data in _,he form of routine

h2 _ R-3729P
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and special, summaries for engineering development and customer uses.

The primary medium used in the collection, processing_ and preparation

of such summaries is the RAPID System (Rocketdyne A.utomatic Processing

of Integrated Data). Basic reliability data are not suitable for

direct application by design, development_ and manufac?uring personnel,

and are necessary for Reliability engineers to perform the service of

converting the data into usabl.e form. Immediately available and up-_;o-

date reliability measurements and summaries, suppor?.ed by complete data

histories taken from I_D_ receiving inspect.ion, manufactur:ing and field

operations, are prime requisites in support of a system reliability

eva]nation and improvement program. In general, the types of i.nforma-

tion included in the RAPID System are:

].. Component and Engine Identification Data. A comprebensive

listing of critical, items. For accurat:e and up-_o-dat_e opera-

tional history, _he ident.ification da_a are related to each

assembly, checkout_ or test opera!_lon of a specific propulsion

system. Also, the frequency and type of operat_ion are recorded

for reliability evaluation and spares procurement.

2. Component Information. Data :i.npu_ begins wi t.h component, build-

up. This information includes a list:l_g of serla!ized ii,ems

within the component._ where applicable_ and wha_ test:s are per-

formed, including the results. A_.y subsequen!_ t,esb:ing is

recorded as it occurs on each individual componen¢: t;hrough

engine buildup operations°

3. Test Description. This information detai:ls _he test require-

ments, objectives, and results desired. This all-inclusive

form can best be explained as describing the actua] operations

that are performed during captive t:es_ing° She information

derived from this type of testing is utilized for estimating

and predicting engine and component reliability.
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Failure Data Analysis. An essential integrant of system relia-

bility and maintainability° Failure reporting originates at the

time a contract is awarded, and continues through research and

development, manufacturing and field operations The collection,

analysis and feedback of failure and repair information to the

proper action activity, with appropriate follo_q) is funda-

mental to the accomplishment of a mature design

The required information is submitted by departments responsible for opera-

tions in the various areas° These data are processed and stored in a

central reliability data bank° from which they are selected and reproduced

in the format required to meet the routine and special study needs of the

originating department or the customer. In addition to easily retriev-

able descriptive data, this system also stores classifications of applic-

ability for reliability evaluation, and of success and failures of applic-

able tests° This applicability classification permits a calculation of

reliability to be made on a particular component or group of components

at any stage of development° The system described above is a comprehen-

sive data collection procedure with all divisions within Rocketdyne

participating.

Engineering, Field Engineering_ and Quality Control are the basic sources

of data, and each division is a recipient of data from the other. Engi-

neering provides records of engine and component experience during the

research and development programs° Quality Control provides records

about vendors, Receiving Inspection, manufacturing and acceptance testing

operations. Field Engineering provides records of all field operations.

Procedures have been adopted that ensure the feedback of data to the

proper departments within Rocketdyne, and the Reliability Subdivision

has been assigned the over-all control and responsibility for this system.
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Rocketdyne maintains a complete data collection system that will collect,

evaluate, and process all reliability and maintainability data on individual

components and engine systems during the complete Lunar Excursion Module

propulsion system program. Ihis includes all identification part number

and serial number data_ operations_ repairs_ failures, analyses, and

corrective actions_ and from this the Reliability Group continually moni-

tors reliability growth and product improvement°

FAILURE ANALYSIS AND CONTROL

The usual class of problem requiring failure analysis is that of hardware

weakness revealed by laboratory, component, or system test and reported

through the RAPID failure reporting system° This includes engineering

RSd) tests, Quality Control acceptance tests_ and reports from field usage

by Logistics°

Failure Recurrence Control. The obvious direct causes are corrected, the

drawing changed, inspection tightened, etco When a direct cause cannot

be assigned as the certain cause, logical improvements are made° To pre-

vent recurrence of the problem_ such failure modes are considered in

future designs, and assured by check lists in design review.

Frequently a more basic cause exists that permits the direct causes to

occur. Basic causes are corrected by providing better information, train-

ing, motivation, management procedural controls, etCo so that experience

is retained and in such a form that it is availab]e to all who can use it.
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Other areas involving maintenance, manuals, specifications, procedures,

processes, human factors, etc,, are examined for improvements°

Analysis

Failed hardware is critically tested_ dissected,and examined by design

and laboratory specialists, She Reliability Group assists in a system-

atic evaluation of the problem area_ looking for correlation with previous

component and system experience°

Fo 1 1 owup

The Reliability Group first ensures that the line group responsible for

the analysis has all available information, hardware, etc._ ensures

coordination of various groups if several are involved_ and follows up

to see that action continues until conclusions have been reached°

Basic Cause

Analyses tend to stop when a direct cause of the failure is ascertained,

Basic causes (such as lack of information_ training_ or proper procedural

controls) remain uncorrected and thus permit recurrence of similar problems.

The Reliability Group makes special efforts to probe for these basic causes.
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QUAI IIY ASSUttA_:(: 1:: ORI;A\'I/A] tON

MANAGLNEVT STRUCTURe:

quality assurance, at, Rocket,dy,c is administered bv the Direct, or of

Quality and Reliability who has the general responsibility for develop-

ing, monitoring, and evaluating t,ho quality control policies and opera-

tions of all Bocke!,dvr)e a(tivi!.ies. Specific functions of the Director

include the study, at)al),sis, and interpret,ation of operat, ing data to

provide division and corpora*o managomenl with significant reports on

quality control activities; invesligat, ion and recommendation of new

methods, techniques: and equipment for quality control operations;

coordination and assistance in the development, of uniform quality

requirements; and review of quality policies, concepts and trends with

customers through liaison with customer quality control offices. ]n

addition, the Direct,or of Qua!i_y and Re!lability is Chairman of the

Rocketdyne Reliability Policy Board; responsible for establishing reli-

ability policy and guiding progrums for maintaining or improving the

reliability of Rocketdyne produc, ts

The Director of Qua]._t_y and Reliahility reports directly to the Director

of Administration and Engineering 0pera_ions tFig. 2). Because of this

direct line of communication, effective implementation, as well as

proh!em-so!ving_ at a high level can be accomplished without the need

of middle-management approval and subsequent delay.

]

"I

This concept of direct communication is followed throughout the

Quality Assurance organization (Fig. 3). Each major product operation

is represented by a Quality Assurance Manager to provide guidance and

coordination of quality assurance operations. Each of these managers
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in turn. serves in a position of 1 ne authority £or hi:_ particular oper-

ation from which he can effectively direct and mOllltor quality assurance

functions (Fig, h ).

Similarly, each of tile operating units of Quality and Reliability is

provided with a direct line of authority between unit ,upervision and

the division director Thus, the effectiveness of the quality program

functions and the ability of quality _tssurance personn_:l to assess,

document, and report true quality findings is not <'ompromised by consid-

erations of or,her duties. In addition the freedom of communication

between all levels o£ the quality assurance organization allows manage-

ment to be continuously aware of the needs and problems of the operating

units.

0PEttATING STRI;C _[_[E

Functional responsibilities for operation of the Rocketd?ule quality and

reliability program are shown in Fig. _5. As indicated, each of the

operating units performs a discrete phase of the program for all

Rocketdyne produc_ operations. I'his organiza*,ional structure_ rather

than a number of project-oriented units,each performing a complete qual-

ity assurance program for its particular project_ was chosen to provide

flexibility and uniformity of quality applications between projects.

In addition, this type of operating structure allows the total experi-

ence of the Rocketdyne quality organization to be concentrated on

specific problems p_culiar to any one product operation.

lThe Quality and Reliability Assurance Unit is responsible for planning

and moniloring the quality assurance program to make certain that all

objectives established durir}g engineering design arc fulfilled, and

50 R-3729P
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that reliability goals and programmed growth established by Rocketdyne

Engineering are attained. Beginning with system design, this unit

initiates design reviews to make certain that realistic and attainable

quality requirements are provided for deliverable Rocketdyne products.

The unit formulates inspection plans_ performs quality surveys and

analyses, and conducts periodic audits of quality control measures to

determine the effectiveness of the quality program. An additional

responsibility of this unit is to conduct failure analyses and provide

information feedback in the form of failure reports to the Rocketdyne

organization and to the customer on modes of failure and corrective

actions taken.

The Procurement Quality Control Unit maintains control over Rocketdyne

supplier activities, and is responsible for the receiving inspection

functions of the division. Specific duties include: (1) facility

survey inspection of potential suppliers to evaluate supplier ability

to deliver products consistent with Rocketdyne and customer quality

standards, (2) purchase order review to ensure that the supplier is

furnished all necessary information to allow him to deliver a product

that meets quality requirements, (3) receiving or source inspection

performance in accordance with the inspection plans developed by the

Quality and Reliability Assurance Unit, and (4) warehouse surveillance

to control product storage and rotation of age-dated materials.

The Product Inspection Unit is responsible for monitoring the quality

of all items fabricated for customer delivery within the Rocketdyne

organization. In performing this function, tile unit applies the final

criteria in determining Rocketdyne compliance with all quality reliabil-

ity requirements of drawings, specifications, and other contract docu-

mentation. IIardware inspection is conducted at each stage of development

R-3729P 53
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in accordance with the est,ablished inspection plat_ lh_, tn_pecttons

include physical am| dimensi(m.I +oleravce checks on it_divi(tual compo-

nenl._ electromeehanical and fu,l(tiomi] les*int_ of cott_[)le,ed assemblies

ar)d syslems, and inspectiun of !he ,.:alihra_ion of et_lt}(+_ amt t_jor

_yslems° In addition. (owp!,,le re-ull< of these i,}sp.ctiot, s are recorded

1o provide a quality history and ,tara buildup of individual components

as well as completed sy_t(.t_s.

Shippin_ inspection of all t_ock-tdvtl+.- or supplier-furnl<hed i lenls to

the customer to en_ure that all i|ett)s including ._[mrt's ('onlorw to

(lesion requirements and thai all i!eTns are properly i)acka_zed in accord-

ante with applicable pack.i_zin_, preservations, and h.t.ll_na requirements.

Addi+iotml re,.l,On-_ihi!i+v o| ,his unil it)elude,, the c.!ibr_lion of all

tooling and measuring fix:ure_ used during the I'ahri(utim_ a_.} inspec-

lion procosse._ ]locaIihralion avxl periodic inspections ar. made i,o

en_ure t,he cont inue(t _<'curacy o|' the r0ea_uring e(tuip_ne._

In the preceding paratzraphs, _he opera!.ing area_ o|' tl)o fnnctional

units have been defined. The applicati(m and int, erre!ai.i(m-

ships of these functions it_ n)ot)it.orit_ an(t (-ontrollin_: the l{ockeidyne

quality as,,urance program will be described in detail in the following

sections of this report
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DESIGN AND DEVELOPHENT CONII_01

Rocketdyne quali_y assurance provisions begin concurrently with product

design, continue through each step of the development program, and

accompany the delivered product, throughout its operational lifeo A

chart demonstrating typical product, flow through the design and fabrica-

tion stages to the point, of customer acceptance and delivery is shown

in Fig. b.

DESIGN REVIEW

Prior to release nf a product design for fabricat£on, a design review

is conducted to ensure adequacy of the design and completeness of pro-

duct requirement definition for manufacturing purposes, the reliabil-

ity engineering phase of the review is directed toward design features

such as clearances, fits, previous experience with components and

service environments, and mechanical and electrica] properties. The

quality assurance phase of the review is based on the reliability engi-

neering decisions_ and is directed toward formulating clear, complete,

and unequivocal statements of product requirements for manufacturing

and subsequent inspection use.

The combination of these two phases of design review is the proper ante-

cedent for high quality and reliability of the product to be delivered

to the customer.
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Qualified and Preferred Parts

As indicated in Fig. 6, the quality and failure analysis histori-s of

components and parts are evaluated during the design review. In addi-

tion, qualified and preferred parts list.s compiled as the result of

Rocketdyne experience in similar applications, and preferred parts

specified by the procuring agency are used in the selection of compo-

nents for specific applications.

Government-Document Review

Results of government-document reviews to determine the adequacy of

product quality requirements are incorporated, as applicable, in t'c

engineering drawings, specification, and related documents.

PLANNING

Based on the results of design review action, the product design may be

released for fabrication, returned for modification, or subjected to

further engineering consideration. Where quality features have been

evaluated, determined to be adequate, and incorporated in the design

drawings, the drawings are released for part fabrication.

Control Documentation

From the drawings, and as a result of information obtained during the

design review, additional documentation required to monitor and control

product quality throughout the fabrication process is prepared.
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A production order is wr tlen for each detail parr_ ]his order identi-

fies tlte part lists materials to be used, opevation_ to be performed,

methods to be used in performing the operations, and points in the fab-

rication pro(:es_ at which tnspections are to be made (Fig.7)o A qual-

ity control insp,,c(]oi) plat) is also prel)ared foE" each ,leLail part. The

inspectio)) plan u_(,d to [)crform insp(,('tions at |he points indicated on

the pro(luction order, _p('('ifies details of the insp(.ciions (o lie per-

formed of criri('al aud ((,r,ai)_ major (hara('teristlcs and lists appli-

cable si)e('ifi('alion-_ o))(i _[)e(ial equipmel)( roquir(,d it) perform the

i nspec t ions.

Inspection Plane ]t)e in,l)(,(', ton plan and any relaled documentation:

which may include a test plan and an as_emt)lv det.all record, constitute

the basic quality control docuwen(.s at. all st,a_e._ of f;_t)rication. ]'he

inspection plan provide_ ['or the actual dimensions measured by the

inspector to be recorded in appropriate spaces on the plan_ and for the

inspection stamp indicat, ing approval by the inspector. A typical

inspect;ion plan for detail part inspection is shown in Fig. 8.

When all phases of )he manufacturing inspection ore _.he detail part, have

been complet_ed, the part is ta_ged with the serial number of the inspee-

t_ion pIan and the plan fi led by the Quality and Reliability Assurance

Unit. As t.he part is inst.alled_al.ong with other detail parts in a com-

ponent or higher level of ;_ss_mbly, at_ assembly detail record noting

the serial numbers of t.he det.ai!, inspection plans and the names of the

detail parts is prepared. On completion of the assembly inspect.ion, in

accordance with tJ,e inspect ion plan prepared for that. particular assem-

bly: the assembly is fagged to indieat.e the serial number of its individ-

ual inspect, ion plan and ihe inspecLion plan, (ogeth(,r with the assembly

detail record, is riled.
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['his proc_,-_* of "l_yramidlnff '' the lnspe(tion plans l-_ cont, inued at all

level,, of suh-vs,'om ar)d -,vst*,m a-_,_omh]v t,o completion of the end item

for deliv,,ry In fhi_- ,l_alJn_,r corr, pief,e and det_ailed inspect, ion find-

ings of each l)arl _,f lh(' t'ii)al assv,nbly are available for analysis at,

_J[iy >|,;lg(' of [JIP f_ll)l'i{'ill IO1'1 pI'()( ('St-

Where a furJctional |es_.. is rt.quired a¢ _Jny stage of ir_spection a test.

plan is provided which _pecif/e- the te_t to he performed and allowable

limils witllin which 1.h(, pat't wil t. be considered to have passed l,|le test.

lhi_ te_* pilau i- referenced to applicable specifications which provide

t_,_l setup and tq)er.-ating informal, ion for performing *,he test, including

measuring _nd *{,st equipment to be used and exact, melhods of manipu-

J;tti[l_ COl)11"oJ:- and m_'ilsuril)P, parameters.

On {omp e, iou of eud-i,em fabric_,t, iorl |..be inspection plans and related

documenl_ con-'_itule a permaoer, t hi_'orv of t,he producl, and become part,

of |.he qua 1 i t v pro_zram docnRletl*,at i otl_

(_uati. t.)" His|or): Card_o In addi+ign to the inspection plan. which pro-

vide_ a re(ord of irlsp(_r'liotl re_u],_ and _(-st informalion the Quality

[listorv t_ard /F_go 9 nnd LO_ ,s used _o record _.ho. permanent hi._tory of

a single part or group of parts. !he card form provides for entries of

pert:,nent, production dala inspection and materials review information,

dispositior_s of par*s and records of corrective actions initiated in

ca_es of failuroo

_'hen all card entries are comple.,e the card is processed and tabulated

by electronic data processing equipm-nt. _he results are then available

to serve as a basis for various levels of management reporting, and for

quality analyses resulting in corrective action reports. !he data are
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also used to establish a quality performance record for particular

Rocketdyt)e department,_ and _upt) liers

inspection SJ_u-(Jff l_o()ks. ;\ l ll_-_t,t,< t iot_ r_+curd_ l'ut' a particular

assembly or _','stem are it)< orporated l|)lo at| Ii)sl}c(lioN SJtzH-{)ff BooN.

These books are used t<j t' I) otJ' l iue +,u,l Fe(,ottl the +_x_t(-[ +-:eqt|et|ce of

pro|Jut:||oil atld ill,.,]_('('ti_jH ol,+.ratioll-: f2+ coral+tie ;lllf] <el'relate the

various forms at_d |+_+_u]+d _- I-_+ provide iJ meat|+ ot + (,)t+*rolling the qual-

ity of the installatt(m-: or opera||o|)-: arid /h) ovttltJtltt' the results

obtained by the co||troI,_ arm rc.cords_

The ,_i_n-off hooks cot_|airl (Oml, t_+ted it)spect ion plat]-_ on detail parts,

and completed inspect|o|| pla|)_ test plat|s and a,_s(_t||t_l\: detail records

on components, subas_emt_lie,_ at)d as,_emblies_ lhe booL.:_ also serve as

a repository for other documents such as lnspect iot) shortage forms,

inspection discrepancy and correction records, and forms pertinent to

particular programs° Illustrations of these forms are included in

Append| x A.

Change Conlrol

Changes to documents affecting ++he quality program are accomplished by

the Rocket.dyne release system. At appropriate points prior to delivery

of the end-item, an Engineering 0rdor :[FO) is issued to authorize _che

release or cancellation of engineering requirements and to distribute

drawings, specificationa, and other engineering information (Fig. ].].).

Changes made prior to deliver), on a production contract and changes

made after end-item delivery which require cust+omer approval are ineor-

porated into an Engineering .Change Proposal _EVP! and s ,.bin|tied to the

procuring ageney prior to iwplomenting t, he change°

()h R-5729P
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The timely release and distribution of document changes to all affected

functions is the responstt)ility of the h_lgineering I)ata Group.

On release of a change do(umeul all previous document._tion, including

production orders and insp(,clion plans, are updated in accordance with

lhe change. Khen _ttl EO is issued to cancel a previously released draw-

ing or other documen(, a stalemeut is included on t.iw FO to "Remove and

destroy all prints in file." Nhen an EO is released to add or delete

an item of hardware that will affect the next assemhl3, the complete

change to the next assembly is released simultaneously on the EO, or by

r_da._ of a changed component drawing.
a •

Responsibility for monitoring t.he effect of t, hese changes, and for main-

taining interface relationships is the function of t_he engineering design

group. Prior to release, the change document is carefully reviewed to

determine the effect on other assemblies or systems

Effectivity

the effectivity of all item changes is noted on the change document_

Change points are established to be compatible with hardware schedules

and in accordance with good engineering and production practices. Where

changes cannot be realistically accomplished prior to end-item comple-
t

tion, provisions are made to effect the changes to existing hardware on

a retrofit basis. All affected items and accompanying documentation

are coded and physically marked to show the appropriate modifications.

All items modified on a retrofit basis are inspected and tested in

accordance with applicable specifications to ensure quality and reli-

ability of the modification. Items modified during buildup are

O0
R-3729P
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subjected to the routine inspect, ion and testing, as required by the

inspection plan.

(' O,q-l'OklE'_I" QI.TAI ! f } ¢:AT l 0",:, r Es7 s

All compo/lents delivered to the custoomer are qualified in accordance

wiih test schedules established by the engineering design groups

tlesul/s of these qualification tests are documented and made available

for evaluation by Rocketdyne and customer represeni.atives.

Parts component.s, and high levels of assembly are uniquely identified

by the use of serial numbers. This serialization allows a review of

the complete history of parts and components at any stage of the fabri-

cation process, as required.





COVFR0[. OF CONTRACTOR-PROCURED _MATERIAL

Over the years_ Rocketdyne has developed a system of determining poten-

tial quality control capability of procurement sources, and of monitor-

ing and controlling the quality of supplier products. This system pro-

vides for quality cont:ro] surveys, purchase order review, supplier

product inspection, and supplier assistance programs, where required,

to ensure adequate performance in delivering products to required qual-

ity standards°

SELF_TI0.N 0F PROCI,_EMEN]: SOLACES

Suppliers are initially investigated by representatives of the Rocketdyne

Purchasing Department. When the Purchasing Department is satisfied with

items such as supplier financial stability and agreement with standard

terms and conditions, a joint survey of supplier facilities is conducted

by the Materials Department and the Procurement Quality Control Unit.

The Materials inspection is concerned with management and manufacturing

capability to fulfill schedule commitments. The quality inspection is

made to evaluate adequacy of supplier manufacturing inspection proced-

ures and acceptance criteria, accuracy and compatibility of measuring

and test equipment with the product being procured, and adequacy of pack-

aging, packing, and marking procedures.

When survey results indicate that (he supplier has implemented and agreed

to maintain an accep*,b]e quality control program_ he is considered cap-

able of supplying pr,Jducts consist_ent with Rocketdyne quality standards.

R-3729P O9r,i',ii Fi i',i" ii T; i i
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Throughout the t)eriod of _upplier l)erl'onnance t{ock(,tdyne performs

re(eivin_ or source it),_p(,ctions, as applicable to mot}tier quality of

Ill(, t)rocured pro(luct [he-_(' insi)ec*iou_ are p(,r|'()rwed it) accordance

with r¢,quiremenls of ,he quality cotltroI inspection plan ;.(lid relat.ed

documents, as pr'eviou_ly discu_,-ed under "(otitrol Do('ume))tation." In

a(hti, i ion periodic au(ti t,_ of supplier performance, and resurveys of sup-

pl i (,r faci I i t i es are ('olidu('! ed to et)sure eoul ilme(l ('ompl it, nee with

l(ocke Idvne at)d cus i on)er qua I i tv and re I ia bi I i ( y prov i s i ot),_.

In this manner, a level of experience is esl.ablished wil.h each

l{ocket(tyt)e supplier, t_tmlitv t!t_tory (ard_ _lr)d other (tu_iiily records

are tempi led to t)rovide a continuous record of the ac('el)(abiIity of sup-

plier performance ]his record it) turf) -:_s used )o l)rov_de criteria

for future [)rocuromei)ls.

till 0( 171LL_I1_\_ Dt)C t:VIEVI 5

All procuremeiit docuu)eiils relale(t t.o supl)lier produ(<( _ _i il (' subJected t.o

review by t.lie Pro(uremetii Quali, 3 f'ouiro] l:nil prior 1o release This

tmr(hose order review tourists of ensurlr}_ thai It)+' pro(ur+,ment docu-

Ulelit.s are complete with reslJec( _o item i(}elitificalion, provision for

_over_imeni. and t{ocket.dyne sourc(, in_pectioi}, where requir(,(t, cor_form-

auto wilh (lual i fied product.- and qua I tried source I isis. and or,her

special requirements Lhat. may affect (tualily, t,There gov.rnment source

inspect, ion is required, ibis action will be specified t. e_n appropriate

statemenL on t.he purclmse order

In addi*Aon to *.tie purchase order, t.he supplier i_ provid('d wit, h copies

of the inspection plan. drawings and specifications for the product to

he procured, l"hese [at*.er documen,s also comprise part of the "bid set"

7o R-3729I'
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on which the suppliers submitted quotations. Rocketdyne will require

that the suppliers quality program conform to NASA Quality Publications,

as applicable, except on rare occasions when the critical nature of the

program requires the temporary procurement of parts from proprietary

sources. In these situations, Rocketdyne will verify conformance of the

procured product to all quality and reliability requirements.

SOURCE INSPECTION

Provisions are made, as applicable, for government and Rocketdyne source

inspections to be performed at the supplier's plant. Source inspection

performed by and for the convenience of the government does not relieve

Rocketdyne or the supplier of the responsibility for ensuring the qual-

ity of the delivered products.

Rocketdyne source inspections are performed: (1) when necessary test

equipment is not available at Rocketdyne, (2) when it is expedient to

check an item in the process of fabrication, assembly, or processing,

(5) when destructive testing or excessive disassembly would be required

during receiving inspection, (4) when the end item is to be delivered

directly to the customer or facility other than Rocketdyne, or (5) when

it is more economical.

Source inspection ensures that the product conforms to applicable draw-

ings, specifications, and other requirements stipulated in the purchase

order. When inspecting Rocketdyne-designed assemblies, the inspector

completely inspects the detail components of the first assembly for con-

formance to drawings and specifications. He also checks processing,

R-3729P
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materials, and supplier records to verify that approved materials and

processing sources have been used, and expedites ttle a_.complishment of

functional and pressure tests.

The extent of detail inspection required prior to welding, plating, or

similar operations is determined by the inspection plan. All pertinent

information for the completion of unfinished operations or inspections

is entered on the Quality History Card or other approved forms which

are delivered, along with the supplier product, for Hocketd>me receiving

inspection.

Rocketdyne inspectors, on receiving a supplier product t}mt has been

subjected to source inspection, determine that necessary source inspec-

tion and processing stamps are affixed to the record and _o the part,

that parts are identified, and that any further inspections or tests

noted on the Quality IIistory Card or inspection plan are performed.

RECE1W-ING INSPECTION

On receiving a supplier-fabricated product, Rocketd)me conducts an

inspection in accordance with the established inspection plan for the

item. Characteristics of the product are verified in addition to, or

in conjunction with, requirements of the purchase order, drawings, and

specifications to determine acceptance or nonconformance. The status

of product qualification is also reviewed during receiving inspection.

Where components have not been qualified previously, it is the respon-

sibility of the inspection function to ensure that qualification tests

are satisfactorily completed prior to delivery of the Rocketdyne product.

Materials, such as synthetic rubber products, which are subject to deteri-

oration by aging, are inspected to ensure that cure date markings and age

72
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limitations have not been exceeded° Raw materials will be checked

against requirements of applicable specifications and for conformance

to the supplier's test report, which is required to accompany the

shipment.

Prior to completion of the receiving inspection, supplier-furnished

products and materials are physically separated to maintain integrity

of the lots. After inspection, the materials are transferred to a

warehouse where continuing identity, as well as proper storage condi-

tions, is maintained.

FAILURE AND DEFICIENCY FEEDBACK

Where nonconformances to drawings are found in supplier products or

materials, a report (Fig. 12) is completed by the inspector to show the

characteristics that do not conform. This report is forwarded to the

Purchasing Department where a letter is written by the Buyer to a

responsible officer of the supplier organization. A copy of this let-

ter is forwarded to the Quality Assurance Unit for followup and coordi-

nation. In addition to informing the supplier of the nonconformance,

it is requested that the supplier notify Rocketdyne Quality Assurance,

prier to the next shipment, of the actions taken to prevent future

deficiencies.

The effect of this action is to ensure that the supplier is

promptly notified of the nonconformance, that corrective action is

quickly implemented, and that a single point of contact (the Buyer) is

maintained between Rocketdyne and its suppliers.
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Nonconformances encountered by source inspection and/or receiving inspection

will be listed on this form by the receiving inspector prior ¢o final dis-

position of the hardware.

RECORD OF SUPPLIER NONCONFORMANCE

SUPPLI]_ 'S NAME

BUYER

P.O. NUMB_

PART NUMBER

PART NAME

SPECIFIED CHARACTERISTIC NONC 0NrFOP_MANCE

7_
Figure 12.

Inspec%or

Record of Supplier Nonconformance
R-5799P



SUPPLIERRATINGANDPREFERREDSOURCELISTS

The use of the Quality History Card in compiling preferred source lists

has previously been discussed. In addition, Rocketdyne has developed a

method of rating based on the cost of doing business with suppliers

producing items in the same product category.

Supplier performance, as tabulated from the Quality History Cards, is

analyzed to provide two basic indices: cost rating percent, and quan-

tity rating percent. These indices are derived by the formulae:

C
c

R - x 100
c C C

c r

and

S

-_ x 100,
Rq = I

q

where:

S
q

C = contract cost
c

C = Rocketdyne cost (includes cost of all inspections and
r

materials review, rework, and repair)

I = quantity inspected
q

= quantity released to stores

Supplier performance data collected from the Quality History Cards

include:

1. Part and category

2. Hours expended by Rocketdyne

R-3729P 75
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3. Part dispositions

h. Discrepar)ey det,ails

5. [_nit cost of parts

From this infor_nation, supplier t)erfor_nance analysis reports are pre-

pared and coordinat(_d for each low-p,Jrformanco ._upplier. l-he report.s

defin(' problem d(ot,ai l_ a(tiot)s i_tkeil_ _ltll] a('iiOl'l req_lired. ('opies of

the__e reports are forw_rded Io (he Purchasing [)epar_ment Buyer who) in

turn cont.act._ (,he sup|)li(,r t,o requirp t, hat corrective action be taken.

7() R-3729P
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(0_rROI_ OF GOVERNMES.T-F';R'_ISIfED PROPF_[ Y

I \'SPEf[ I 0_ 0F _;(IVI_.'R%NE\! -la_}['_ IS[tE_) PROPER! Y

All governmenl-furnished property ((IVP) is stored separately from com-

pany property prior to receiving inspec, iono Segregation of service-

able proper,y is also maintained separately from reparable or

unserviceable (,FP. Ihe GEP is processed and stored to prevent damage

from trundling or exposure.

Incoming (IFP is checked against the shippiDg voucher or receiving report,

to determine that applicable conI.ract numbers consignee, part numbers,

and quantit_ies are in agreement, lho property is also checked against

the accoropanyirJg t._t_ or label notil)g condition of the item inspection

and reinspection dates add other informa,ion such as storage condi_.ions

and limit ations_

Prior t_o furtber processing or instal lation, the (IFP is functionally

tested in accordance with applicable specifications. _here no discrep-

ancies are found, the appropriate document is st,amped to show acceptance.

DEFECTIVE GOVERNHE%_I'-Fi_A'I SH}D PROP]:34TY

Where 6FP is found t,o be defective. Rocke,d._le will advise the cogni-

zant government, agency. Pending dtsposi'ion of the defective equipment,

the GYP is properly st, ored to prevent further damage or increased repair

costs.
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C0_ROL OF CONTRACr0R-FABRICAEED MATERIAL

The basis of Rocketdyne quallty assurance is provided by the control

documentation previously discussed. It is Rocketdyne's intent to con-

scientiously apply these established plans and procedures to ensure

delivery of products conforming to highest industry-wide standards of

quality and reliability.

Inspection and test plans developed for parts, components, and higher

levels of assembly are supplemented_ as necessary, by Rocketdyne and

contract specifications to provide conformance criteria. Inspection

and test plans, as previously indicated, are based on engineering

design requirements, quality characteristics of the product, review of

materials and manufacturing considerations, and analysis of over-all

requirements determined at the time of design review.

Particular emphasis is placed on inspection and testing at points that

minimize potential production delays through early detection of defi-

ciencies. Products fabricated by Rocketdyne and its subcontractors are

subjected to inspections at the part, component, and higher levels of

assembly. Workmanship samples, where required, will be provided for

customer inspection and use.

Tests and final inspection of the end item are conducted in accordance

with the Rocketdyne model specification for the delivered product. An

outline of an engine model specification is shown in Appendix B.

Results of these final acceptance tests and inspections are documented

in the Rocketdyne Engine Log Book. This book, containing the final pro-

duction documentation prepared prior to end-item delivery, will be

delivered to the customer along with the product.
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In addit.ion to a t echuical description of the system, test documenta-

tion, and engineering and performancp data. the log book contains a his-

torical record of engine components and a component replacement record

t,o show changes made during engine buildup. An outline of a Rocket

Engine Log Book is shown in Appendtx C.

Any modifications scheduled after final t.esr,s and inspection of the

end it, em are accompanied by an inspection plan to be verified by a com-

petent, inspector

FABRICAI'I O\ CO'TROIS

Production !oo[ing and FabricaLion Ecluipraent,

All gages_ used to (ompare physical characteristics of a product to

specified dimensional requirements_ and a[] measuring tools used for

measuring specffic characteristics of a part, assembly, or tool, are

identified by unique serial numbers, these gages and measuring tools

are initially inspected and tested prior to use. Where too!ing is

designed by Rocke_dyne, the tool drawings are checked by QualityAssur-

ance personnel prior to fabrication. The finished tools are also

checked against *he drawing requiremenls. A hisvorical record is then

prepared to show the too] name, serial number; and the required inter-

vals between reinspections

y-

_laterial Control

Prior to use° mat.erial_ employed in the fabrication of Rocketdyne pro-

ducts are be[d Jn a warehouse where t.be item identificatAon is main-

rained along with t h_ inspection plans, wbich provide t+raceabi]ity of

8O
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the materials back to their ÷ourc_,s Wl]et) released for manufacturing,

t,he material_ ;_re la/zK_,d l'or id_[)tl fica*ion amt refereuced t,o the ser-

ial numbers of tt,eir imlivi(hml if)spoctiot) plans During the manufac-

turing process material iden(_ification is main;ained by use of t,he

inspection plan _ystem, as previously described° '_ovlconfor_ing material

found at any stage of the fabrication proces,_ is immediat, ely removed

from the work area and stored it) a honded area pending further

di spos it, i on,

All controlled processes or operations of a critical nature used during

product fabrication are closely monitored and protected against contami-

nation. Baths for cleaning and plating processes are periodically

sampled to ensure that chemical composition, pH values, levels of con-

tamination, and similar attributes are maintained within specified

tolerances.

Identification of age-limited material or material that deteriorates

because of use, temperature sensitivity_ or other environmental factors

is indicated either on the product or on accompanying documentation.

Assembly dates of age-dated materials and the number of actuation

cycles of use-limited parts are recorded and used to control instalZa-

tion of these materials during product buildup. These records, includ-

ing a chronological history of component replacement in the delivered

product and remaining useful life of installed materials, are included

in the Rocket Engine Log Book which accompanies the product into the

field.
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Cleanliuess (ontrol

(;l,,anliuess of close-lol,,rat_e parts o1" cri',ical fabrication processes

ix controlled b 5 [Iocl, etdvne _t>etll'i<_,t_on_ for the part icul.ar operation.

the nece_,_ary procedures are conducted it, limited-a('ces._ areas in which

euvirotgL]t'lJta[ ('ot)diliot)_ al'e ('or, trolled; solutlon_ are t'iltered: tem-

perature and atmosphere< regulated, and special clothing worn by operat-

iil_ arid ill._[)_,c(.ion p(,l'soxluel ,

t/equirements for thl_ t3tm o1' haudting are _pecil'ied on the engineering

drawings released for product, fabrication. In addition to est,abIishing

the special handling r(,quiren)ents the applicable process specifica-

Lions ttl'e referenced on the dra_,illgS.

PI{OCFS.S ('ONllIO[ St'F_ [ k It A _ i Ii\ _\\I) t'l{Ot EI)['RhS

Rocketdyne has developed nlelhod_ of defect prevention for controlltng

critical processes in which the quality o1' produ(t carmel be determined

solely by inspection, lhe basis for the_e control methods is contained

in Che l{ocketdyne profess spa< tflco,+lons covertng over l-iO(l different

OlWrut, ions aud procos_e_ ]bese _pec_ficatiou_, i_ all cases, equal or

exceed applicabl.e milit,ary spe(ification requirement,s,.

l,h('h spe( i t', (:a _ ion (:ot_'a iu_ _ 1 ] t_ecessary i nforma* iou for the operator

to perfor,v the indic_.,led process a_d includes scope and application

of the specifi(atio, m;,teri_,ls required: and a vlep-bv-_lep procedure

for _ccon_l)li_hiu_ the '_-_k. A samFle t{ocketdyne pro(.e_._ specification

i_ included a- kp_:,,ndix 1) 0

82 R-3729P
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E(tulpment:_ machines aod operattng personnel used for performing criti-

cal processes are certified by _he Rocke_Jdyne Production Development

[abora_ory. lhe e(tuipmeo! IS inspected calibrated_ and tested during

operaliorJ as part o[' the certit'ieatioo process° Requa[ifications are

conducted u_ necessary in tile evet_t of changes to tile process speci-

fications or modifications to the equipment°

in addation |o maintainir_g records and resulls of the certification

tests, the Production Development. l_aboratory is responsible for t, he

training and certification of operating and inspect.ion personnel. This

responsibility is discussed in detail in a later section of this

doeumen t_
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Where nonconforming material is found ai, any stage of the fabrication

or inspection process, the material is immediately removed from the work

area, physically stamped to show that it is nonconforming_ and stored in

a bonded area pending further disposition. Disposition of these materi-

als is made by the Material Review Board except in cases of (1) minor

nonconformances that can be reworked and reinspected to meet drawing

and specification requirements_ and (2) minor nonconformances of

appearance and workmanship which do not affect performance of the

product.

The Rocketdyne Material Review Board is comprised of the chief engineer,

the manager of Quality hssurance_ and the chief Quality Control repre-

sentative of the customer's inspection agency. Duties of the board con-

sist of reviewing all nonconforming materials presented for their action

and providing the final judgment on (1] items that can be reworked for

use but will vary from drawing requirements, (2) items that can

be used "as is_" or (5) items that are to be scrapped. Review Board

members are supported, as required by consultants from other Rocketdyne

operating functions.

Items determined to be acceptable ir a "as-is,, condition are limited to

nonconformances which will not affect operation, reliability, or inter-

changeability of the part. Decisions involving use of "as-is" or

reworkable items must be made by unanimous agreement of board members.

Where Material _eview Board action determines that parts are or can be

made acceptable for use_ a material review stamp is applied over the

nonconformance stamp_ and the item returned for use.
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All inspection meas,iring and test. equipment used in the fabcication

of Rocketdyne products is controlled throughout, the useful life of the

equipment by inspection, calibration maintenance, and repair to ensure

continued suitability for use°

Drawings for llocket, dyne-design_d equipwetlt and requests for the purchase

of commercial items are reviewed bv quality control tooling _pecialists

t.o determine that the equipment to be procured is adequate for the pur-

pose intended° lipon receipt of the completed equipment, it. is inspected

and functionally t.ested, as required to determine that it conforms to

the design or manufacturer's specification.

Test equipment: including measuring lnstrument.s and systems: console-

type test equipment and test. instruments is certified prior to use by

the Roeketdyne Production Development Iaboratory. This laboratory has

been established to provide measurement standardization and other tech-

nieal services throughout Roeketdyne. The Production Development Lab-

oratory is staffed with graduate engineers and other technical special-

ists selected on the basis of competence in their fields of activity.

In addition to determining that the equipment conforms to specifica-

tions, the certification process requires that operation of the equip-

ment be demonstrated in use on a deliverable end-item.

Gage-type measuring devtces are issued and maintained through a Tooi,

Gages, and Instrument Control Sheet, which is used to prepare an IBN

gage inventory book. This document contains a listing for each gage

in use at Rocketdyne to show gage name; serial number, and required

intervals between calibrations. _he calibration schedules are based on

]t-3729P 87

UU!I,!!UL!! !!.n.L



-- _i',iii'i_ii'iiTi i i
ilillll IIII II IIMI

gage type: stabililv ('h. ract_ristic_ purpnse, and degree of usage.

These intervals ral_p l'rm_ ",._,rb i)_e" for such items as thread gages to

"yearly" for _rtlnlt_, _l_rl'a(e l, lates. Add|tional in_pe(:tions and recali-

brations may be reqoestv,t [_ _r ll}_[)eCtlOn or operating personnel, where

requ i red o

In addition to t.he gage inventory hook an individual historical record

card is prepared for each _z_tg(, Ibis card is filed in the t, ool crib

from which the gage i_ i_ued for use A daily inventory is made of

these cards to ensure that the periodic calibration schedule is main-

rained, and t,hat. records of calibrations and maintenance services are

entered on the cards_

Instruments such as pressure gages, electrical test meters, and flow

measuring devices are calibrated issued, and maintained by the

Manufacturing Inspection Deportment,. The Production Develotxnent Lab-

oratory provides support as required, and approves, inspects, and

calibrates "first-of-a-kind" _nst, ruments and equipment procured by

Rocketdyne. The Production Development iaboratory also specifies cali-

bration and maintenance procedures for the instruments. (An example of

a Production Deve]opmeot laborat, ory InsLruroentation Instruction is

shown in Appendix E..,

Instrument.atlon calibration schedules are controlled by void-date lab-

els affixed to the lnstrument_ Prior t,o the expiration dates, the

instruments are returned _o *he Manufacturing Inspection Department

for calibration and maintenance as required. Records of calibrations

and services ,performed are maintained in the Manufacturing Inspection

Department file_.

88
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All working standards used for inspection and calibration of measuring

tools and gages are calibrated to primary standards maintained by the

Production DevelopmentLaboraTory, which are traceable to the National

Bureau of Standards. Within star.e-of-the-art limitations_ standards

used for calibration of inspection_ measuring, and test equipment have
a tolerance no greater than 10 percent of the allo_able tolerance for

the equipment_ being calibrated.
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Rocketdyne has established a system of inspect io, stamping to indicate

that a part physically and functionally complies to applicable drawings,

specifications, and other information controlling part configuration

and quality_ In addition to acceptance stamps, parts are stamped to

indicate the acceptability of X-ray: magnaflux heat treat, hydrostatic

pressure test, and similar processes. A complete sLamp catalog of

Rocketdyne stamps is shown in Appendix F.

Inspection stamps are placed on parts in the areas designated by the

part detail drawing When a specific area is not designated, the stamp

is placed adjacent t,o the part number. Stamped tags are used where

size limitations, configuration, or materials prevents stamping of

individual parts

Inspection stamps, traceable _o the individual, are issued only to

qualified inspect, ors. Records of stamp assignment are maintained to

show the inspector's name_ clock number, location and department, type

of stamps, and date of issuance. When an inspector terminates, his

stamps are removed from further use for a six-month period. When a

stamp is lost,, the remainder of the set is placed in bond for one year,

and a new set issued.
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PRESERVAIION_ PACKING, HA_DIIN6, STORAGE, AND SHIPPING

All preservation, packing: handling_ storage, and shipping requirements

are specified by the Rocketdyne process specification covering these

items, the product model specification, and special requirements listed

on the applicable engineering drawing. Prior to delivery of the end

product, quality control personnel ensure that all necessary tests and

inspections have been performed, appropriate quality and inspection rec-

ords accompany shipment of the product_ and that adequate provisions

have been made for protecting the product during translt and storage.

Rocketdyne Process Specification RA 0116-027 incorporates, by reference,

military and North American specifications for processing special pro-

ducts, and outlines procedures for: cleaning and drying, maintenance

of cleaning solutions, applying masking and protective closures, using

preservative compounds, wrapping, cushioning, and packaging methods.

The specification also outlines the procedures for conducting opera-

tional requirements tests for various methods of packaging: quick-leak,

waterproofing, vacuum-retention, pressure-retention, heat-seal, cleanli-

ness, and contact preservation continuity and appearance tests.

When the product is received for shipping inspection, it is checked to

determine that it conforms to the latest mandatory engineering drawings;

is properly identified and marked; and is complete with respect to quan-

tity, inspection and other documentation, and inspection and processing

stamps.

Aftor the product has been subjected to customer inspection and accept-

ance, it ie prepared for shipment in accordance with instructions pro-

vided by packa&_ng engineer8 for the specific item involved. These

R-3729P
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STATISTICAL P_NG, ANALYSIS, AND QUALITY CONq'ROL

Statistical analysis and test planning are used during the engineering

development testing program when such measures are considered advantage-

ous. Statistical quality control methods are used in manufacturing,

testing, and procurement quality control systems at Rocketdyne and sup-

plier facilities.

Sampling plans are used only where acceptance tests are destructive or

where the number of parts fabricated justify their use. Where these

plans are used, they conform to requirements of MIL standards 105, _14,

or other sound statistical plan concurred upon by the customer.

Statistical quality control methods are especially designed to fit

individual applications, with primary considerations given to improved

quality and reduced cost. The use of statistical methods is based on

evaluation of products, methods, and areas. Where possible, existing

inspection records are used. However, special data collection systems

may be installed for the evaluation of a given part or parts.

Prior to implementation of the statistical methods plan, the plan is

reviewed to determine the nature, extent, and application of the pro-

gram; the extent and nature of the training required; and the economic

aspects resulting from use of the plan, including the cost relationship

between existing and proposed plans.

After the plan is adopted, Quality personnel are responsible for audit-

ing or monitorir_ all statistical applications to ensure that the plans

are properly used, and that the plans are modified as necessary to

R-3729P
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('oin('ide with produ('l chatl_,_ Qualiiy control (:htirtH are used in

lhese usouiloring l)r(c+>dur(:,_, wh+,re the number of parts to be controlled

ur ltl_, <'ouq) l+,xitv of ihe opel'aiion makes use of these charts desirable.
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[ttAIN'Ig(i AVD C:ER12F;_CAJSON 0F PERSONNEl_

Training programs orie/lt,atioo loclures, and certification procedures

are conducted to develop qualified persomlel engaged in the fabrieat.ion

and quality control of Rocketdyne produ(,s. T:hese educational programs

are direct.ed by qualified _pecialists selected from among tile t{oeketdyne

staff who are capat)[o of impartit)g their knowledge and skills, and who

are capable of aeasuring the proficiency of the trainees. Partieular

emphasis is placed on t.ratning and certifying personnel working in crit-

ical areas such as those of welding, soldering, wiring, radiographic

magnetic particle, dye penet_rant, and bonding operations and inspeetions.

Nondestructive test inspection either by interpretation of test indi-

cations or by acceptance or rejection of deliverable parts is performed

only by insl:eetors certified for the specific type and class of inspec-

tion involved° _he applicants for certification are required to com-

plete a course of instruction, as outlined by the Rocketdyne Production

Development laboratory_ for each type and class for which certification

is requested. These courses include: (I) inspection theory and opera-

tional techniques; and (2) inspection duties and responsibilities, as

specified in Rocketdyne documents. Certification examinations_ written

and functional: are then conducted by personnel designated by the

Production Development Laboratory.

Upon successful complet_ion of the required training and examinations,

applicants are certified and certificates issued showing the areas in

which the applicant is :l'_'_lified.

The certificates are valid for one year and may be renewed by demonstra-

tion of continued high standards of workmanship. However, at least once

R-3729P
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in every five-year period the certificate holder is required to demon-

:Irate hi: ability t)y again passing ttle cerlificalion examirmtion.

Similar certification procedure: are in effect to control cril;ical fab-

rication technltlUeS such as welding° In addition to training and certi-

t'icatio, of welders, ih_ Product ion Development L_boratory maintains a

proficiency record for each welder, based on the inst)ecl, ion records of

weldin_ qua] i Iv

A(tdit. ioual controls over performance quality are maintained by measures

such as periodic eye examiuations for inspectors, hi! personnel

assigned Io inspection functions are required to demonsl, rate visual

acuity' for near ;tnd (list.ant vision, depth perception, and color

discriminal ion.
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DATA REPORTING AND CORRECTIVEACTION

As previously indicated, the basis of Rocketdyne quality assurance is

provided by the control documentation described elsewhere. These docu-

ments, namely the inspection plans and the Quality History Cards, also

provide the basis for collection, analysis, and reporting of quality

and failure data, and for implementing corrective action measures.

Analysis of the completed inspection plans at all levels of assembly in

conjunction with a review of the Quality History Cards affords a broad

over-all indication of the quality program status. At the same time,

evaluation of inspection plan entries provides an essential tool for

pinpointing potential trouble spots in the fabrication operation, gab-

ulation of data from the Quality History Cards also provides an effec-

tive means for the rapid transmission of quality findings and trends

for management use.

DATA REPORTING

Rocketdyne does not presently issue formalized periodic reports on the

quality assurance program except as required by specific contracts.

However, the present data collection and analysis system described in

the preceding paragraph is considered adequate to allow reporting, as

required. A schedule for the submission of quality program reports, as

required by NASA Quality Publication NPC 200-2, is shown in Table 2.
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TABLE 2

D()CtNLNTATI ON SCHEDULE

(Ref: Appendix B, NPC 200-2)

Document, Submit.ted For Schedule

As requested(dualification St,atus list

[':hal-Item 'lest Plan

Fmt-l!em Test and Inspec-
tion Procedures

_uality Program Plan

1Final )

Test and Inspection
Procedures

Process Control Procedures

Hesults of Special Heasur-

ing and Test Equipment
E_a 1ua t i on

Storage Procedures for Et)d
Items

Special Sampling Plans

Monthly Quality Status
Report

Quarterly Summary of
Audits

A pprova 1

A pprova I

\ pprova 1

50 days prior to deliv-

ery of first product, ion

pro totyp(,

2 weeks prior to imple-
men t a t i on

[{OV 1 ew

ltev i ew

lie v i ew

Pt5 (lays after approval

of preliminary plan

2 weeks prior to

imp lemen t,a ti on

2 weeks prior to

Review

Review

Review

Information

Information

imp lement, ati on

As applicable

2 weeks prior to

implementation

2 weeks prior to

implementation

20 working days after

period reported

30 working days after

period reported

lO0
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CORRECTYVEACTION

Requests for corrective action maybe originated by the customer, by

any of Rocke%dyne'squality assurance or inspection functions, or as

the result of inspection plan and Quality History Card analyses by the

Quality and Reliability Assurance Unit. An example of the method for

acquiring corrective action in the case of a supplier has been pre-

viously described. The meCJaod for acquiring corrective action within

the Rocketdyne organization is accomplished through the Operation and

Failure Report and the resultant failure analysis report system. This

report contains information identifying the part, describing the failure,

indicating the stage of the operation or inspection at which the failure

was encountered, and recording the disposition of the failed part.

Sample report forms are shown in Fig. 15 and 1_.

The Quality and Reliability Assurance Unit serves as a central point

for processing all corrective action reques%s, contacting the respon-

sible operating functions (except suppliers), and ensuring ttmt appro-

priate action is implemented without delay. Personnel of this unit

also perform an analysis function to indicate whether the source of the

nonconformance is a design problem, a nonconforming material, or a

faulty production operation. These personnel are uniquely qualified to

perform these analyses because of training and experience, and because

they are sufficiently removed from the line operation to provide effec-

tive and objective judgment.

Corrective action requests initiated by the customer or by Rocketdyne

field representatives will be processed in a similar manner. Quality

assurance functions and analysis at field and operational sites are

implemented where they are considered necessary and practical.
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Figure 13. Opera_ion and Failure Report
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SYSTEM FAILURE ANALYSIS REPORT
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Figure 1_. Failure Analysis Report,
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AUDIT OF QUALITY PROGRAM PERF0_NCE

Periodic but unscheduled audits of the quality program operation are

conducted by quality support personnel and, in the cases of suppliers,

by the Prochrement Quality Control Unit. Ihe purpose of these audits

is to monitor department conformance to established quality control

operations, and to effect corrective measures where indicated. In addi-

tion to the periodic audits, requests for additional evaluation can be

made by any quality assurance function or member of inspection super-

vision when it is felt that procedures are not being rigorously

followed.

These audits take the form of evaluating quality operations and records,

performance of inspection personnel and adequacy of procedures to

attain required levels of quality and reliability of product.

Results of these audits and recommendations for correction of deficien-

cies are documented for management and customer use These records are

used as the basis for followup to ensure that deficiencies are cor-

rected. These documents are also available to serve as the basis for

quarterly suramaries of the audits as specified in TabIe 1 of the pre-

vious section.
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A IDIVIIBION OP NORTM AMI_RI@AN AVIATION, IN_._

QUALITY CONTROL OPERATING PROCEDURE

Dept. and Plant: 5b-'_, 556 AND 65b,

TITLE: INS?ECTION SIGN-OFF BOOKS

Procedure: *R-8.1

Page 1 "of 57 Pages

Date. 16 NAY 1961

.

AFPLICATION

This procedure outlines the general methods and _aaiity Control requirements

necessarj to accor@lish the Inspection Sign-Off Books as a comprehensive perma-

nent historical record of the assembly, test and inspection of P_cketd_me engines

and their systams or components.

Inspection Sign-Off Books are unique devices that have been developed to outline

and record the exact sequence of production _nd inspection operations;to compile

and correlate the _m__ous records and forms; to pro_!de a means of controlling

(by pre-determined steps) the quality of the installations or operations; to afford

an objective method of evaluating the results achieved b2 these controls and
records.

This procedure has been outlined as a reference and training guide for inspectors

using Inspection Sign-Off (ISO) Books. The following index is for ready reference:

i. General: ISO Book Information

2. ISO Book Cover: Form R58-C or R58-C-I

3. ISO Records: Form 611-U (or equivalent)

4. Inspection Discrepancy and Correction Records: Form R 25-N

5. Ymteriais Review Action: Form 609-R

6. Inspection Hot-Fire Time Sheet: Form 61_-R

7. Part P_moval Record: Form R 79-Q

8. Shortage Report,: Form 61-Y

9. Serialization Record: Form 604-N-2

I0. Orifice _rds: _r_ 604-N-1

1l. Thrust Chamber Repair Log: Form 607-N

12. Thrust Alignment: Forms 6.1.2-H

13. Safety Inspection Verif_ation Sheet

14. MCR Verificati_ I_t

15, Structural Approval and Materials Reviews Form

...... L:e; ......... .........
R-_729P A-I
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Date:
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A O4VI$ION O Ir NORTI'I AM_IqI_AN AVI/,_'TI(_N. |N_

INSPECTION SIGN-OFF BOOKS Procedure: _-8.1

16 MAY 1961 Page 2 of 57 Pages

/

GENERAL: ISO BOOKS

I.I It shall be the responsibility of the Inspection GeneralForeman

to establish the requirements for adequate Inspection Sign-Off

Books that are necessary as a record when completing the fabri-

cation, assembly, processing or test of any assembly in accord-

ance with quality control requirements _nd applicable specifica-

tloms,

I.I.i The ISO Books will be prepared and assembled by the Process

Control Group of the Planning Department in coordination with

Manufacturingj Test and Inspection to contractual and

Rocketd_me quality requirements.

1.1.2 Each inspector shall review the proper IS0 Book before

starting the inspecticn of a component requiring an ISO Book,

1.2 The accuracy and completeness of operation and inspection callouts
in the ISO Books shall be the responsibility of Inspection

Leadmen and Inspection Supervision. However, the Planning Process

Group of the Planning Department is charged with the task of

maintaining the ISO Book callouts current and in accordance with
information furnished by Manufacturing and Inspection.

!.2.1 Neither Inspection nor Manafacturing shall make additions,

changes or corrections to inspection or operation callouts
in ISO Books. Due to the location and areas of operation

at Neosho, the requirements of paragraph 1.2.1 of the

ISO Book do not apply.

1.2.1.1 Inspection Lea&men or Manufacturing Leadmenshall

notify the Process ControlGroup of the Planmimg

Department of the discrepancy and request
immediate correction. . :

1.2,2

NOTE: Inspection Leadmen, at Neosho, will submit any

changes or additions to the ISO Book to Inspection

Supervision for approval,

Advance copies of blueprint changesj Engineering Orders

and Process specifications that require a change in sequenoe
or numerical corrections to the ISO Book callouts shall be

referred by the inspector to his leadman or supervisor and
_he final 'buy-off" shall be held up by Inspection until

the ISO Book changes are completed by the FI-_-_.

Department. Inspection or Manufacturing leadmen orthelr

supervisors, shall notify the Planning Department of the

changes required and request their immediate action+ O_
in extreme emergencies will Inspection and Manufacturimg

supervision have the authority to approve mecessar#
additions or corrections in the ISO Books.

I._.3 Improvement changes to the ISO Book, such as additions_

deletions or changes to the sequence of operations for the

R-3729P '
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TITLE:

Date:
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M,oP?_C]_!O,,SIC_[-OFF BO0iS Procedure: R-8.1

16 MAY 1961 Page 3 of 57 Pages

1.3

1.5

purpose of facilitating production methods or i_provlng the

quality of the product, shall require coordination by

Planning, Inspection and Manufacturing. This coordlnatiom
is only initiated by means of a Sign-Off Change Requestj

Form #!Oi-PIO, from Manufacturing or Inspection Supervision

to Planning.

!_2.h khen &n ISO Book is required for purposes other than a

nomal assembly or test it shall be issued by the Process

Control Group of the Planning Department and the required
identification information shall be noted by Process

Control Group on the outside front cover, such as, REBUILT
FPDM # (original Assy. & Serial #), MODIF=IED FROM # (origi-

nal Assy. & Serial #), FLRAL SFAI__.a_ INSPECTION OF #

(original Assy. & Serial #).

Lutries in the iS0 Books or Covers shall be legible, neat and in

ink,

1.3.1 Erasures or obliterations of any entry or ca]lout shall mot

be made,

1.3.1.1 Entries may generally be voided by printing VOID

over the entry and stamping the ends of line for

identification.

Ir_pecticn records will not be r__moved from the ISO Books nor
shall the ISO Books be removed from parts, assemblies or inspec-

tion area offices ._thout _Titten authorization from Inspection

supervision responsible for the clears-riceor "closeout" of the
ISO Book into the Inspection Data and Records Group.

1.4.I

!.h.2

In the event of m_jor damage to the component or assembly

during assembly or test, the Lnspector shall immediately
collect all inspection records and forward them with his

report to Inspection supervision for damage survey
(according to ROP H-514),

_&en a test or run is stopped before completion, a squawk

should be entered on the squ_ sheet and reference squawk

_amber shall be entered in the ISO Book below the opera-

tion being performed.

1.4.2.1 The inspector shall request Inspection supervision

to obtain pertinent replacement ISO Book Record
Sheets and forms from the Process Control Group of

Planning to repeat the cancelled operation.

}_en Manufacturing has completed operations on the ISO Book and

has accomplished the required Shortage Sheets (Form 61-Y)| the

completed ISO Books shall be audited by the Inspector and the

Inspection Leadm_n. Acceptance of the ISO Book as "complete
and accurate" is signified by the st_-mps of the inspector and

ir__pection lead, in in the app_pri_±e blocks L--_ide the fr_=t

cover (Fonn R58-C) fol!o_ed by the signature of the responsible

"_am__pecticn_apervisior. A-5
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INSPECTION SIGN-OFF BOOKS Procedure: R-8,I
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1.5.1

1o5.2

1.5.3

1.5.4

1.5.5

Completed books shall have all ite_ 35_ted on every

Sign-Off Record Sheet (Form 611-U or eq_iva!ent)properly

cleared. Tills is accomplished when aT! itenm are accepted

by inspection or have been transferred to the proper

Shortage Sheet (Form 61-Y),

1.5.1.1 The inspector and the i_t_pection lea@nan shall be

responsible for the completenezs and the presence

of all the required forms and entries in the

completed ISO Book.

1.5.1.2 Cozpieted FINAL S__DOI_ INSPECTION ISO BOOKS

shall be attached to the back cover of its

applicable iSO Book when completed. (Not appli-

cable to Neosho.)

The outside front cover (Form R58-C) of any ISO Book shall

have a note by inspection supervision or the Process

Control Group of Plarm/ng stating any disposition of the

component (excepting normal acceptance) such as: MORT,

SCRAP, TEST ONLY, P_BUILD, MODIFY, when the ISO Book is

sent to the Inspection Data and Records Grot_p,

The inspection iead_an and inspection supervision shall be

responsible for the cozoleteness, accuracy and the for_mrd-

ing to those concerned of the s_fzsequent ISO Books or the

forms and reports that are to be inserted into the next

ass_mblybook from the ISO Book completed.

Inspection Supervision shall be respcrsibie for the prompt

for_arding of completed !SO Books to the Rocketdyns

Inspection Data and Reco_ds Group Office.

1.5.4.1 ISO Books for PJ_PA_3LE GFP f_m LOGISTICS shall
r

be fo_:arded a_te. close-out, by Inspection via reg-

istered mail or courier to Logistics Engine

Clearance for further processing before beimg

forwarded to the Rocket%_e Inspection Data and

Records Group Office,

Any engine system or component assembled by Manufacturing,

Department 543, and destined for delivery to Engi_eeringj
Department 596, and responsible inspection foreman will

assure that all applic_oie records are re.capped prior to

delivery to Test Ir_pection, Depar_mnt 556, Canoga Park.

1.5.5.1 The situation is reversed when Engineering delivers

an engine system or component to Manufaotur_,

R-3729P
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TITLE:

Date:

A D_V_._C,N Or _',_C_"r;-._ AMCI"_ICAP-41 A%'4ATION. IN_...

INSPEC,_iON SIGN-OFF BOOF_ Procedure:

16 MAY 1961 Page 5

R-8.1

of 57 Pages

2. !q_SPECTION SIGN-OFF BOOK COVER*

The Inspection Sign-Off Book Covers (Fon_s R58-0 a_nd R58-C-I) are

serialized and are used to identify the Inspection Sign-Off (ISO) Books

as the pe_anent inspection records of ce_ain assembly or test opera-

%ions performed on particular components _nd assemblies. The inside of

the covers contain blocks to record lists of shortage reports, totals

of the discrepancy reports written in the book and blocks for the

inspection sign-off of the completed ISO book,

2.1 The Inspection Sign-Off Book Covers, Form R58-C and R58-C-I, are

imitiated and assembled into the ISO book by the Process Control

Group of the Planning Department. The fo!lo-_ing list of entries

on the front cover should be checked for completeness by the

i_nspector. Any discrepancies shall be reported by the inspector to
his lea&man or supervisor:

(a) ISO Book Serial Ntmber.

(b) Assembly name and number.

(c) Operation, unit n,&mber and engine effectivity; with S.O. or
S.P. Items (when applicable).

(d) Account, contract, G.O. item or release numbers.

(e) Work done for; and index or hardware number with engine,
group or job number (when applicable).

(f) Department where work is to be done, model and Rocketdyme
serial number.

2.1.1 Rocketd_nne Serial N_mber: This is entered by the inspector

when the serial number is alfixed to the component (or by
the Process Control Grouo for designated components).

2.1.2 Customer Serial Nmmber and Installed on Engine Unit Number:

•These shall be entered by Inspection Records and Data Group
at Engine Clearance.

2.1.3 The variable information blocks, Manufacturing routing and

operation flow information on the front cover of the ISO

book does not apply to Inspection.

2.2 The inside of the front covers (Form R58-C and R58-C-I) have

proVisions for listing the Shortage Reports (Form 61-Y) for the

various components that enter into the component or assembly
covered by the ISO Book. The assambly drawing number and the unit

or serial number of the required Shortage Reports will be entered
by Inspectlo_.

2.2.1 The inspector shall check and 'stamp-off' the assembly and

serial or unit _ber of the coz_ponent listed against the

numbers on the nameplates or the units installed before

cleai__ng the ISO Book. A-5
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_SPECYION SIGN-O_F BOOKS Pr0._:_Jur,_: R-8,1

16 PLAY1961 Pa_c 6 of 57 Pages

2.3

2.2.2 The s_xary SQUAWK blocks shall be completed by the

inspector clearing the book by entering the &[screpancy

report totals (including zeros) from the R 25-U Forms$

acceptance st_p his summaD_ block _nd have his leadman

recheck the totals and the book for his acceptance stamp

in the LM inspection block.

2.2.3 Inspection supervision shall verify the book as "Accurate
and Complete" by signing below the inspection Blocks at the

final close-out of the book,

The data in the ISO Books is compiled and controlled with Integrated

Data Processing Equipment by means of the serial n'&mber on the ISO

Book cover,

2_3.1 ISO Book covers shall not be transferred by inspection.

2.3.2 When ISO Book covers are damaged or destroyed, the inspec-

tor shall _mediately noti_ _ Inspection supervision and

request the Process Control Group of the Planning

Department for repair or replacement.

.NOTE: Final stores will be responsible for inspection stamping

of the Manufacturing Production Control (_C) Card and

the closing out of the 730 Book.

R-5729P-
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RESP. DEPT.

PART NO.

PART NAME

OPERATION

MODEL NO. ENG. EFF,

UNIT NO.

CUSTOMER SERIAL NO.

FANUFACTUR

ROCKETDYNE SERIAL NO.

i FAB.

I

DATE ISSUED J tS.O. OR S.P. ITEM NO.

CAL. !

H. DAY J . r "

CONTRACT G.O.

ACCT. RO.

TEST

!

WORK DONE FOR

TYPE ORDER CODE

I I
FINAL

$

ITEM OR RELEASE

STORES S

i

I_STALLED ON ENGINE OR INITIAL
UNIT NO STORES

I NDEX CYC. CPX.
HDW.

AUTH. OOC.

ING ROUTINGAND 'OPERATIONFLow ii_FORV,ATION

TST TRT

HFG'G SET-UP RU;'ROUT

DEPT. I

I

ING

S

I
I

I

I
I

I

I

I

I

OPERATION L" MAN
ACCP'T TIME TIME

| ,,,.

I
,, ,

I

i
| I

,i

SCN.

!

t. r'_lwt_ii"_,; i"_" t".'_- "_--,'''''_-_ AF._F'_IC:AN /kVIATI(')N. |NC.
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This book contains shortage reports for lhe following assemblies. Unit number on shortage

sheet must agree with unit number on _nstalled assembly.

Assembly No. AssemblyNo. Un_tNo.I I_sp.

I

r

• . ..,

Unit Insp.No.

CU STO,M_3_R

SQUAWKS

TOTAL h,_O.

COMPANY
SQUAWKS

TOTAL NO.

BOOK --t I ]N L

COMPLETE _i_ " j M
INSPECTION SUPERVISION

SIGNATURE

1. The Inspection Record cover and its contents constitute a part of the engine or assembly, unit [nspec-
tion record and are not to be altered except _s authorized by Quality Control Operating Procedures
or inspection supervision.

2. See Quality Control Operating Procedures regarding:

A. Standards for Writing Inspection Squawks

B. Permanent Inspection Records

C. CanceIIatlon of Inspection Stamp Impressions on Sign-Off, Squawk, Shortage Sheets, Etc.

D. Parts Removal Procedure.

,

4o

5.

All entries made on a sign-off sheet or the sign-off cover will be made in ink or an |nd_llble pencff.
Under no circumstances will the erasure or obliteration of sign-off items, inspection stamp impress|ons,
or approval s_gnatures be permitted.

The date of installation must be entered only when an item is signed ofF.

Sign-off sheets must be completed in a neat and legible manner as.they are retained as a permanent
record.

e

7o

Signing off an item for another employee constitutes a falsification of records which is in violation
of a company rule, and is cause for disciplinary action. (Reference Plant Rule Violations, Rule "_ •
Form 62V). : _,)'

Sign-off books, sheets, or any portion thereof will not be removed from a sub-assembly or assembly, :
unless authorized by inspection supervision.

Any changes or revisions to sTgn-ofF pages or cover will be made by Planning Department only, and .....
wiIl be clock-stamped by the ptanner making the change: ....... R-37_gP
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TITLE:

Date:

i

I....... lION SIGN-OFF EC©IF$ P_oc_cure: S-8.1

16 )_Y !961 Page 9 of 57 Page_

3. INSPECTION SIGN-OFF RECORDS FOE_ 611-U OR E_UJ. .CENT*

3.1 Tir_s form is used to provide an i_sDGctic_ f notion cver each

assembly or test operation in the inspection Sign-Off Book.
individual records of the inspections assembly or test by sequence

and result, date, mech_-nic, lea&_an and inspector can be outlined

_Jd recorded as they are accomplished.

3.2

3.1.1 An equivalent form may contain sketches with b!ar_s for
_diner_ionsfor infcn_ation to be filled Lnby the mechanic

or inspector.

The inspection Sign-Off Record Sheets, For_ 61i-U or equivalent s

are iritiated by Pl_.ing after coordination _ith Manufacturing

and inspection. They fully cover a series of operations (as a

platting ticket) in as det_i!ed a marmer as it is deemed necessary.
A series of these sheets are bound together by PlarzLing _ith

various other records _nd issued as a part of the Inspection

Sign-Off Book for the several operations (asse:_ly, test and

inspection) which are morbid, red necessary to be controlled and

recorded during any pa__ticuiar phase of manufacture of ca_oonents

or engines.

3.2.1 ISO Record Sheets that have been voided by error_ by an
aborted or incomplete test, operation or ran are retained
in the ISO Beck. Adiitional record sheets are inserted as

required for each retest or inspection (by the Process

Ccntrci Group of Planning at Canoga or inspection at Neosho)

upon request,

3.3 _ne fc!ic:ir_ infcn_ation is entered by Pl_nrJ_ng on each page and
shall be verified by the inspector before use.

(a) Page n'_nber and total nmmber of pages (in the section or book).

(b) Ass_r.bly name and number (as shown on operation dra_ug).

(c) Rocketd_e Contract or G.O. number (as sho_m on ISO Book

Cover).

(d) Depart_ent (where the work is accomp__Ished).

(e) Jig N_mber (tool rramber of jig or fJ_xture to be used, if azy)_

3.3.1 The Unit or Serial Number (as sho_n on ISO Book Cover) shall

be entered by the ins uecter.

3._ The following entries are entered by Planning and shall be verified

by the inspector during inspection of the operation,

*See illustration on page l_.
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3.5

3.6

3.?

3.8

(a) Sequence (work should be accomplished when practical in

n_unberical sequence),

(b) Dra_ng station (when required and a zone n_ber for the

operation cailout appears on the dra__ug).

(c) Title (of operation or installation sho_m on dra_ing, process

specification or inspection callout).

(d) _Znen any data is to be entered on the ISO Pecord Sheet by

Yanufacturlng or Inspection; properly titled and identified

blocks must be pro_-ided to avoid errors.

The Date and Mech. entries are made by the MechaP/cj as are the

dates of the oFeration and the clock number of the mechanic

accomplishing the operation.

Leadman: The s=a_© or initials smd clock number of the Mechanicls

Lea_man verifies manufacturing acceptance of the operations.

Insp.: The inspector shall stamp this coiuz_u wi:en the operation

is acceptable &rid has been properly signed off by the mechanic and
leadman.

3.7.1 if the ir_t_d/ation or operation is net accepted by the
inspector he shall note the discrep_cy in detail on the

Inspection Discrepancy and Correction Repcrtsj Form R 25-U_

then enter the discrepancy nunber under P_LtRKB and accept-
ance st__p the operation in the Insp, colunm of the

operatiom.

3.7.1.1 incomplete operations or _es_ should be detailed

under Remarks and in the DCP Report to avoid

duplicate inspection and testing.

3.7.2 The inspector shall report any de_atierm by the mechanic

in the perfo_ance of the sequence of operations called for

in the Sign-Off Records to Inspection supervision.

Iny discrepancy disco_/ered by the inspector shall be written by
the inspector as a discrepancy on Form R 25-U in the ISOBook.

3.8.1 Parts removed or disturbed after an inspection sign-off

shall be reported as discrepancies and also noted on Part
Removal Form #R ?9-Q.

3.8.2 Parts on shortage, or incomplete operations, shall be

noted on the Shortage Report Form #61-I.

R-3729P
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TIILE: ]]_SPZC?iC_ S!_-O}]_" BO0}_ Procedure: ]?.-8.1

Date: 16 NAY 1961 Page ll of 57 Pages

3.9 Single items that are stamped in error by +he inspector, shall be

voided by printing "void" across top cf s :/o (do not obliterate

the stamp ntumter). Transfer the information to the remarks section

at the bottom of the page k_ith "St_]ped in E='ro._" st_@ (or print)j

acceptance ste_up and reference action by asteri_<_s.

3.9.1 Voided acceptances caused by par_ reT_ovals, aborted or

incomplete test sequences shall be identified by the

ir_pector at the bottom of each page affected.

3.10 All items not availsbie at time of assembly, must be cleared by

inspection acceptance or have TP.E:SFERP'CDTO SHORTAGE OR F21DUP,

stay.Fed across the Mech.j "Lea&man and Insp. blocks. Also, proper

entries on the Shod%age P_port Form 61-Y shall be made before the

component is moved to the next station.

3.10.1 Small pa._ts, raw stock, bolts, c!m_ps, etc., on shortage

du__ng huiid-up or test are to be noted as _LD UP and
entered as a discrepancy on Form. R 25-U. They shall not be

entered on the Shortage Report Form 61-Y until closeout of

the ISO Book,

3.11 It shall be the responsibility of inspection supervision to coordi-

nate the ir_orr,ation _ud operation callouts in the ISO records with

}i_r.ufacturing,Engineering and Planning to avoid unmecessary
cozpilation of classified inforzation but still give sufficient

direction to the caliouts to avoid errors in the operation and the

recording of the required information.

A-II
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4. INSPECTION D!SCP/_PA_NCYAhD COPJZECTiON RECORDS (FO_M R 25-U)*

4.1 This form provides a uniform format for the histc_+cal record of

the errors or omissions found by inspection &nd the Customer

Representatives, as well as the corrective actions taken by

Manufacturing and Engineering during the assembly and test of

rocket engines and components that use Inspection Sign-Off Books;

so that the deviations found and the corr_ctive actions takenj

may be s.nalyzed for need of further action.

4.2 Inspection Discrepancy and Correction Record Forms (R 25-U) are

inserted by the Planning Department in every Inspection Sign-Off

Book (i52) that is used in the assembly or test of rocket engines

or components by Rocketd_me and they shall be maintained as a

part of the permanent inspection records.

4.2.1 Each Form R 25-U shall be identified by the inspector with

the entry of the serial number, dra__ng number and the

nodel number of the asse_bly as sho%m on the cover of the

applicable ISO Book.

4.2.2 All de_aticr_ from engineering dra_Sngs, specifications

or inspection procedures shall be entered in sequence by

the inspector as discrepancy reports when discovered.

4.2.2.1 I)_CPJ_TiCN discrepancies may be written by the

inspector to record pertinent data noted by

Ir_ecticn, Mauufacturing, Test or Engineering

personnel,

4.2.3

4.2.4

Additional R 25-U Fon_ sh_a!l be iritiated and inserted into

the ISO Book by the inspector as required.

The block on the heading of each report entitled D_CRIPTION

OF DISCREPANCY A_ ACTION TA}_ shall be used by the

iritiating inspector to indicate the inspection sequence

point and station or area of the discrepancies noted, i.e.,

assembly, 1st E & Mj pro-hot-fire, etc.

4.3 Discrepancy entries: Writing of discrepancies on the R 25-N

Forms will be the sole responsibility of the inspector. Hc,_sver,

a separate Customer Inspection Discrepancy and Correction Record

maybe initiated for the use of the Customer Representative.

(Notaticrm, discrepancies or information discrepancies on Form ._
R i_5-U are to be screened by Inspection supervision. Inspecti_

supervision will determine the action to be taken on such imfoxma-
tion.)

4.3.I DCP No. or Discrepancy No.: All discrepancies shall be

_mbered by the inspector starting at one (i) and continuing

on in sequence throughout the operations in the ISO Book.

m m m _ _ ml mmm

;Gee illustration on page 17.

m am _ _ .m I m _ In _ mm
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4.4

4.3.2 Entered by and Date: The inspector _n/ting the discrepancy

shall enter _he current date and clear impression of his

acceptance sta_ here.

4.3.3 Part No.: The nmmber that matches the nm_e of the part or

assavb!y against w_ch the discrepancy is written (including

a.nyserial nm_ber), foilo_,_d by REF.: (Show operation

sequence number as shown in the !SO Book or the assembly

dra_ng and zone numbers.)

4.3.3.! _en the discrepancy has no part n_±mber, the work

_____= T and a desc_dption of the condition shall
be _tten in this block,

h.3.L Discrepancy descriptions shall be _Titten by the Inspector
to a _ifcnm format in a clear concise ms__er. The inspec-

tion lea_an _zill be responsible for the training of and the

reports made by his inspectors.

4.3J4.1 The format of discrepancy descriptions shall be:

TO W>!T PAP P_-_k___]

(subject) _ (verb)
Threads stripped

Ring Picked

A}_521-SP_ on cover is

Lip d_maged

Valve Failed to open
B nut at valve end le_ks

Strut

(object) (AT) (ON)
on 8 boss

on AFT bellows

m, 52 -sR6
on "0" ring groove

on test #

on 3000 lb, test
rides on 95!2-_873 Gear Cas_

4.3.b,.2 All _spection reports of discre>&ncies should state

in c_antitative terms what the item should be and
what was found as:

3.125 + .0005/ -.0000 DIA is 3.128
.So0DIM of -28 thrd is .h25
35 .25 DIA holes are 33 holes

4.3.5 Discrepancy enzries shall be re_-_iewedby the inspection

lea&nan. Repetitive and major discrepancies shall be

processed for correction action of Recurrent Discrepancy

Forms 88M or 613-N according to Rocketd3me Quality Control

Operating Pro cedure.

ACTION TAK_ - A clear concise statement of the action taken to

clear the discrepancy should be written here - this stamdar_

formnt is suggested_

TO W}A_ DONE

(verb)
Part '6 Replaced

B Z_u'," Tightened on Assy. #zzzm

Damai:_d screws Replaced

_DkT, WHEN, WHERE
(object) (AT) (ON)
With Serial

R'_729P
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QCOP R-8.1 is changed as follows:

4.4.1 ACTION BY _,qfFACTUR!._: Below the broken line, the mechanic will

record the action taken, enter his clock number and insert the

current date in the "Vech. & Date" block of the "Cleared By"

section. When the production leadman approves of the action taken

by the mechanic he will stamp the "Leadman & Date" block of the

form. If the approval is made on a date other than that recorded

by the mechanic, the date of approval will be recorde_.

4.4.1.1 If rework is acceptable to inspection, the inspector shall

acceptance stamp the "Insp. & Date" block. When the

acceptance date differs from the approval or action datep
the acceptance date will be recorded.

RJW,Is

m m w m m mm D m _ m m _ o o m D m m _ m _ m I _ _ _qmm m mo _ _ i m _ o _ em _ u m

&

Do not remove QCOP R-8.1.

File between Page 14 an_ Page 15 of QCOP R-8._

Supplement No. 1 clarifies the dates to be entered in the "Cleared By" section af

"Inspection Discrepancy and Correction Record," Form R 2_-.I_,
A-l_
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4.4.1 ACTION BY MIJ:UFACTJR_;O: The _ch. :-_": 'i].] record the

action taken (below the broken line) -,:_te_-hi:_ clock

number and inset% the current d:-te (_ _ "_e Mech. & Date

block of the C!ea__,d by Section), _'_en i_e PrcJuction

leagman approves of the action t_:ken by the <,chemic he

staz_s the "Lea_an and Date" block of the .ikom _:d

indicates the date of approva3.,

4.4,!.i

4.h.!.2

If rework is acceptable to Inspection_ the

inspector shall acceptance st_p and date the

Inspection smd Date block.

If the rework is not acceptable to Inspection, the

inspector _:__iiwzdte a new discr_pm_.cy referring

to the old _screi -ucy n_'<b_..r in the new DCP No.

blcck and will then clear the o_igina! report by

noting (P.ework musatisfactoryj See DCP #) in the

action taken block and sta_ying the Fnspection

and Date blocks,

4.4.2 ACTiCN BY I._TEPdL&LS REVIZ¢: The inspector shall initiate a

Quality History Card Fo_ 609-R for the discrepancy and the

inspection leadm_n shall note un5er action taken, REFERRED

TO _TER!ALS P_V_ and enter the serial _ber of the

Form 609-R. (See Sect. 5)e

4.4.3 ACTION ACCO>_LIS_AD

4.4.3.1 Enginee___ng o:_er to clear discrepancies: _en an

engineering order is issued to accept a reported

discrep_:cy_ inspecti_-n suT,e_uCsien _.I! record the

EO n_=ber _n _he Action T_en block and acceptance

st_@ and da_ _he _(echanicai LeaVe,an and ir_pection

blocks,

4.4.3.2 k_.en an assembly is moved to another area before

the rework can be accompiished_ the discrepancy is

transom_bed by Production and verified by Inspection

on the Shortage P_port, Form 61-Y, and the Action
Taken block marked TP_NSFE_ TO SHOKrAGE. The

inspector "_%!! st_p T._-IUSFET_f£D in the Nec]_anlc

s_ud Leadman blocks end stamp and date the Inspection

blocks,

4.4.3.3 A discrepancy that is to be cleared in a later

sequence may be trar_sferred to the Shortage Sheet

by _uufacturing by not_:_ action as SHO?_AGE or

pv/_ UP and stampLng TPJd'.S_+7__ED in the }[_chanic

and Leae__-_n blocks. The inspector she/l verity

the transfer before st_:ping and dating.- th_

Lnspe cticn b!ock_,

A-17
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4.4.4 ACTION ROT REQUIRED

4.4.4.1

4.h.4.2

A discrepancy (DCP) entered in error shall be

cleared b:: the originating ins;_ctor, the inspection

superu_iscr or his lead_ by noting ACTION NOT

PSQUiP_D _d cause of the error s-s (Duplicate of

DCP #) (Entered in Error) (14tong Book) (Wrong

Dra_ing) in the Action Taken block _nd acceptance

stiff.ping:__riddating the Lead_.an and Inspection
blocks. (Caution should be taken not to obliterate

the inspection stamp number.)

A discre=_ncy referred to MR for action and with

USE AS IS disposition on the _ Form 609-R shall

be ciearei by the inspector noting such MR action
in the Ac:ion T__ken block ar:dacceptance stmmping

and dat_-g the Leadman and Inspection blocks.

4.5 Void Inspection Stamps

4.5.I Void Inspection S:-_-ps _iil be acco_piished in accordance

with Paragraph 3.9.

4.6 Fi!@.LENTPA" AT LACH INSPEgTION STATION

4.6.1 k'hen the last discrepancy at each ins:ection station is

entered, the inspector shall revie_ the discrepancies written

in his area and shall _Tite belov: the last report:

I_SPECTION CC_LE--, the n_me of his station or area and the

date. The izpression of his inspection stanp _5/i verify

the completeness of the reports and the action taken4

4.7 CUSTO:_R I:CSPECTIOm';DiSCP-_L=_J._CY_2_DCORP_YCT!ON RECORDS

4.8

4.7.I The customer Quality Control Representative may elect to

use the sareefoz_at for his discrepar.cy reports to assure

uniforr/ty of records and procedures.

4.7.2 Customer DCP records, if used, will be placed by Inspection

under the front cover of the Inspection Sign-Off Book.

4.7.3 Customer Quality Control representative will write TO BE

RESUB_TTED, in the block entitled DESCP_PTION OF DISCREPANC_
and ACTION TAkeN, if he does not delegate the acceptance of

the corrective action taken to the inspection supervisor to

Section _h4 of this procechare.

4.7.?.I Discrepancies to be resubmitted will be coordinated

by inspection supervision or inspection leadman with

specific inspection instructions.

Any informa :ion squawks cr entries made in error are not considered

as countabi, squawks ago!trot the assembly and fabrication of a

Component o" engine.

R-3729P
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5, MATERIALS REVIEg ACTION (FOPJ_ 609-R) IN THE I_SPECTION SIGN-OFF BOOK*

5,1 This for_ is suppler.entai to the IP_pcction _'screpancy and

Correction Records Form R 25-U and is used in conjunction with

the ISO Book to record the discrepancies noted b3_ Inspection which

cannot be accepted or whose rework to the required specifications

carmot be cleared by the inspector, This form also provides a

uniform zarmer of recording the in.structions of the materials

review engineer and the inspection supervisor to assist I[anufactur-

ing and Inspection in the correction of the immediate discrepancy

as well as providing a historical record of materials review

action as a basis for analysis and corrective action on repetitive

defects,

5,2 }men a discrepancy (P. 25-U or Structural Approval or DMterials

Review Fo_. 60-W) frcm an Inspection Sign-Off Book entry is to be

referred to Materials Review for action, the inspector shall

initiate a Quaiitv :-'istory Card, (__ .,,) Form 609-R, according to

QCOP R-4.4 and R-4.9 except for the fol!o_dmg instructions:

5.2.1

5.2.2

Part Nu_.ber: (Item #2 on the 609-R Form) The part number

of the part or assembly requiring ISD or MR action and

referenced in the Form R 25-U or 60-W will be entered.

Name - Item 3: Enter the name of the major ass_mbiy from

the face of the Sign-Off Book, for exampie, Turbo Pump,

(T/P), Thrust Chamber, (T/C), Engine, or Gas Generator,

.(o.S.).

5.2.3 Unit or Serial No. - Item 4: Enter the unit or serial

n,z_ber of the major assembly from the face of the

Sign-Off Book.

5.2.5 ?T.e discrepancy nmmber _[i! be referenced on the back of the

Q-uC in item #39.

5.2.5 Discrepancy Detail - Item 40: The discrepancy will be

transferred hi" the inspector from the R 25-U to the reverse

side of the _HC (Form 609-R). The serial nurber of the

Form 609-R -.ill be entered on the R 25-U as a cross reference

5.3 The discrepancy in R 25-U or 60-W and the Fo_ 609-R shall be

referred to inspection supervision for pre]zLminary analysis into

one of the following categories|

(a) for items that may be reworked using a method of the Standard

RepairMmmal,

(b) for item,, requiring normal rework for acceptance_

\

(c) for items that will require MR action for disposition.

............. .......................

*See illustrations on "a. _s 23 and 21.



tiTLE:

Date:

5._

5.5

5.6

5.7

4_.

The discrepancy shall be left open until Materials Peview or ISD

action has been accomplished and accepted,

Dispositions requiring MR Engineers approval: ._ engineer will

__ndicate disposition b_" signing item #_0 but his st_mp is placed

co!,_n #35 and checking disposition toq_e //_;or ;_:6as applicable
in item #38.

The entries _ items 20 through 26 by the production ieadzan will

be required in accordance with QCOP R-i.17, paragraph 3.2 through

3.3, when the iSD or _R disposition is rework.

Disposition on 609-R Form shall be _n_tten only by authorized

inspection or Material Re-_iew personnel. For further informa-

tion on the 639-R card, see QCOP R-4.1 and R-4._,

Erasures shall not be made; correctio.ns shall be made by the

L_pector by striking out the error with a single line and

st_mping the entr#.

A._er all dfisoosition entries have been accomplished and

transferred to the 60c;J, the 609-R car_ ?il!be removed from the

ISO book and placed in the Qualit Z Assurance pick-up box,

(_astomer su._'eillance of 609-R cards is as requested)

DISCREPANCY C'-TAIL & EEVVORY INSTRUCTIONS

P ,

'4,. CORRECTIVE ACTIOt REQUIRED I--'-7 Signed

+2. CORRECTIVE ACTION

A-22. R-"

No. or. D_te: PRODUCTION SUPERVISION:

)
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6. INSPECTION HOT-FIRE TIldE SHEE_ (FORM 615-R)

6.1 The Form 6!5-R, Inspection Hot-Fire T_:e Shoot is a part of each

Inspection Sign-Off Book requiring the recording of hot-firing

t_me for engines and applicable components. This inforz_ztion is

retained as-a permanent inspection and historical record utilized

for quality and reliability perfo_ance analyses.

6.2 The Inspection Hot-Fire Time Sheet is designed for the purpose

of recording, accumulating and controlling _liowable hot-fire
tLme on engines and components.

6.3 The Inspection Hot-Fire Time Sheets are inserted in the build-up

ISO Books by the Planning Process Control Group _ith inspection

responsible for the following entries:

6.3.1 Engine Model No.__: Enter the model n_mber applicable
to the engine. Occasions do arise when Plan of Action

letters stipulate changes to engine models. Consequently,
it is advisable for the inspector to check with the

Pl_:ng representative in the area to obtain the
necessary, information.

6.3.2 Component Name: Enter the name of the component,
i.e.j Thrast Chamber, _zrbopump, Gas Generator_ _arbine I etce

6.3.3

6.3.4

Serial : (Upper Right Corner) _uter the Rocketdyne

se__al nmmber of the component. If an engine is being

hot-fired the unit nm_Ler, ti<en from the top of the

ISO Eook, is entered on this line.

Comrzcnent Nmme & Part _[t_mber- Enter the applicable

component n_me and part number in this columau, k_en an

engine is being hot-fired list the engine model and

numb_=r and the applicable component na_es and part numbers

that require a hot-fire time log.

6.3.5 Serif-! Number - Enter the component serial number. When the

engine is listed the unit nmmber taken from the top of the
ISO Book will be entered.

6.3.6 Acc_uiated Time Green Run - This Column applies to

applicable components. Entries for "Green Run Firings, •

for a component, is the responsibility of Inspection at
the ?ropulsion Field Laboratory (PFi-Santa Susana). Entries

for "Accumulated Time Green Run" for components when am

engine is to be hot-fired is the responsibility of inspec-
tion in Final Assembly. This information is obtained fram

the Assembly Iden_fication-_istory Record Card (Form

R 9?-H-I "Blue His_i_ry Card_).

6.3.6.1 _enever e ermine is to be re!eased for hot-fire,

irmpection oersonnel of Final Asser_bly will

dete,,_mine _:ich components may be removed from the

engine sys m because of the allowable hot-fire life

cycle of t_ _ component. A-25
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6.3.7 : ±n_ entryIns. (Inspection) _e inspector _l! verify '_

made on each 3ine by placing an inspection acceptance stamp

in the appropriate block,

6.3.7.1 h_erever "Ins." col_ms appear on the form an

inspector's acceptance stamp is required, applicable

only to the entry in the appropriate column.

6.3.B Run Number - Into the first block _ll be entered the run

number. This n_mber is obtained fro_ Engineering and is

entered by inspection (P_) for each new hot-fire start.

Only one run n_ber to a column. The time, applicable to a
_an n_oer is entered in the blocks below. Actual run time

_lil be recorded.

6.3.9 Total Accumulated Time (Under "Engine" Block) - In this

colu_z the inspector (PFL) _#_ll enter the s&m total of all

hot-fire tans applicable to each component. The sum total

of the engine hot-fire time _ill also be entered in this
Col1_Ine

6.3.10 Date L_mp. - The responsible inspector will enter the date

and irmpection acceptance stamp verifying the entries.

6.3.11 Remarks - In t_his co!_m pertinent information will be

entered such as, component replaced by (give serial number)_

see "Replacement Records" etc. _e inspector will apply

b_s stanp at the end of each entry.

in the "Repiac_nent Recording" portion of the fo_n will be the name,
_art n_mber and serial _mber, etc. of the component replacing the

component that had to be r_uoved. ..

6.4.1 If no rzn t__ne has been acc_a!ated on the component, the
digit "D" will be entered in the "Accum. Time Gr. R_u _
column.

R-3729P
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7. PART P_{OV/tt P ECOPD FOF_ R 79-Q OF T}_ I,, : _ , SIGN-OFF BOOK*

7.1 The For_ R 79-Q is used by Manufaciu_ _ _,-,__-,. --no ..... :Teetion to assure

the accept_fcie replacement, operation or test cf any or all items

whose installation has been previously ins?coted aLd they disturbed

in the subsequent removal or reinsta!lation of _my part on those

assemblies using inspection Sio_n-Off Books as a history record.

7.1.1 The accuracy and the completeness of the Part P_moval Record

shall be the sole responsibility of Inspection and shall be

maintained in the Inspection Sign-Off Book.

7.2 _&en any part is to be removed or an adjustment 5s to be disturbed

by any operations after their inspection s_a. off in the iSO Book,

the _nechmnic will make the appropriate entry on the Part Removal

Record (Form R 79-Q).

7.2.1 The nechanic should enter the necessa_a- infornation on the

Form R 79-Q and secure the approval of the inspector to

m_ke the re;r,cval before the removals are made. The

Inspector is responsible for the completeness and the

accuracy o£ all entries on Form R 79-_ and for giving

authorization for each r_moval°

7.2.2 The foiio__ng info_ation is to be entered on the Form

R 79-_ by the _echanic prior to r_moval:

.u_,,_n_,_._: The area where the removal records started,

(b) ASSE_,_LY N_2,7% ASSEmbLY NO., SLR!AL NO.: These

identify the assembly from which the parts are to be
removed __nd should be as sho'_cn on the cover of the

iSO Book,

(c)

(a)

ITE4: Na_e and nmmber for each part removed (as shown

on the drawing).

P_V__'_SONFOR P_?4OVAL: EO n_ber, chs_nge letter, Dis-

crepancy #___ or to Remove #___.

(e) _. NO.: The mechanics clock number.

(r)

(g)

LOCATION: Station where removal is to be made:

(ist E & M, C£) or (TRE-2_S).

PPj_ #: From LH corner of Parts Replacement Request,

Form R-17A (if applicable).

7.3 _nen removal authorization is requested the Inspector _I

(a) see that the Part Ramoval Record sheet is inserted securely

in She ISO Beok_

A-_9

:;VSeeillustratio:_ on page 30.
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7.4

(b) deten_ine that the removal is r_cessary,

(c) list Discrepancies and enter the part number of any
other disturbed assemblies and functional tests if

required,

(d) record the entries listed below and verify the entries

recorded by Manufacturing.

7.3.1

7.3.2

OK TC P___O%_: The Irmpector's acceptance st_mp in the Co.

Ir_p. hiock _iil verify all orevious information (on the date

st_mped) and authorize the removal. Customer Inspection

stamp _%ll be secured by the I_pector (if required).

SERIAL h_q}_ER, OR!GI._AL: Inspection to verify or record

NO_ (if applicable to the removed items).

7._.j CAUSE for the malfunction or results of test shall be

entered by Inspection.

7.3.4 TR # is the (FCDR #) Failure and Consumption Data Reporting

number (Form 61C-C-60) the Inspector sh-_ll enter NON_ if

not required.

7.3.5 INSPECTION: Inspector _iii ve_fy the TR # entry or the

Failure & Cormumption Data Report (FCDR # ) %_ith his
stamp.

OK TO INSTALL: _.[nena part is to be reinsta!_ed or a new part

installed the Inspector %_ili:

(a) Verify that the replacement part is acceptable.

(b) Be sure that the area is free of obstructions.

(c) Determine that all installation preparations are as
shown in the ISO Book

(d) 3e certain that all discrepancy entries on the "squawk
sheet" are cleared and the r_quired functional tests

have been performed to assure proper installation and

operation in the entire area.

(e) Submit to Customer Inspection for acceptance stampp

if required.

(f) Signify inspection approval by stamping the "Co.

Inspection" block on the form with his acceptance st4m_.

7.h.l SERIAL NO. NEW: When Manufacturing enters the serial number

of the item installed the Inspector shall verify (or record

NONE i_ applicable).

R-3729P
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7.4.2 INSTALLATION OK: _en the mechanic enhe_his clock numbers

the inspector will acceptance stamp and date the _SPECTION

block arl submit the record to the Custcmer Irmpector, if

required, for his stamp if the item has beon installed

acceptably.

7.4.2.1 _en INSTALLATION is incomplete the entry shall be

stamped "Transferred to Shortage" or "Trar_ferred

to Held Up" and inspection sta_:ped to verify that
the item will not be reinstalled in the area. Or

"Transferred to Sign-Off Booh" [when extensive dis-

assembly is required and the pertinent section of

the Sign-Off Book is added to ccver the rework

operaticns required). The Irmpectcr shall cross-

check all transfers into the iSO Book and Shortage

Report (Form 61-Y),

7.4.3 OPERATION OK: k_en the mecharic enters his clock number_

the ir_pectcr shall acceptance staup and date these blocks

and sub_t the record for the custcner inspection stamp (if

required). If inapplicable the Inspector _ll stamp NOT

REQUIP_D and verify tluis _ith the ir_pection acceptance

stamp.

7.5 The ir_pector shall give particular attenticn to adjacent parts or

a_s_mb!Ses that maT have been disturbed by the removal, reinstal-

iaticn or adjustment of the items recorded. The Inspector _Ii

he responsible fcr _miting the required discrepancy to assure the

acceptable repl_ement, adjustment_ operation or test of any or

all disturbed items.
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8. SHORTAGE REPORT (Form 61-Y)*

8.1 The Shortage P_port (Form 6!-Y Rev. 3-56) is used only for

components that are assembled by an Inspection Sign-Off (ISO) Book.

They are used to record part shortages, items whose assembly is

held up due to s!_ortages, operations not checked due to shortages_

to record the fulfillment of shortages out of sequence in the

deoartment and to collect and transfer a record of the shortages

so that they may be accomplished and recorded in other departments.

8.2 inspection P_sponsibilities:

8.2.1 Inspection _¢ilI be responsible for checking, verification

and close-out of Shortage Reports.

8.2.2 Inspection _II verify that a Shortage Report is in each

Sign-Off Book and that a Shortage Report is placed in a

s_ipping envelope and attached to the assembly at the time

of sign-off.

.3 The foilo_dng infonnation is recorded in the Shortage Report by

M__nufacturing Personnel and verified by Inspection.

(a) EL_C., _I_CH., ORIG,, DD_.: These v_ll be checked to indicate

the nat are of the entry and whether the Shortage Report is an

original or duplicate copy.

(b) ASS_,_LY N_'_: As shown on the applicable drawing.

(c) ASS_NBI!" ),YJ_ER: The assembly on w_hich the parts are short or

held up.

(d) L.H., ......,w._ UPPER, LOk%R (IF APPLICABLE): As shown on the

assembly drawing.

(e) D-XPA_,F NU_,_R: The department initiating the Shortage

Report.

(f) S:_IP OR UNIT h_J_ER: The engine or unit sequence number as

shown on the cover of the Sign-Off Book.

(g) CONTRACT NO. : As sho_m on the Sign-Off Booko

(h) S_IAL I_JMBER: The company serial _amber of the assembly.

(i) DATE: Shortage Report form origination date.

(J) S_3RTA3ES: (Check one): Indicate whether the part is am

ACTUAL (mist;ing) shortage or HELD UP item (unacco_plished)_

*See illustration on page 34.
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NOTS: An actual shortage may necessitate entering an item or

an operation on the shortage report as a "held up u item

because its installation or operation may not be completed

until the shortage is installed.

(k) SHORTAGES, I_?SPEC. VERIFY: Inspection Acceptance Stamp im
this block versifies that the item is "short" or "held up =

and that it has been properly transferred from the Inspection

Discrepancy _nd Correction Record (For_ R 25-U).

(i) QUANT!Tf: The quantity of parts short or held up.

PART ._?J_ER: Of the shortage or held up item as shown on the

assa_b!y drawing. (lfnen parts are called out on assembly

drawings other than the assembly n_v_ber n_ed in the report -

reference the <_:sembiy drawing n_ber _±_ich calls out the

part),

(n) CO__E PART E_: As sho_m on the applicable assembly

drawing.

8.3.1 _'_nen the shortage items are installed for all entries on

the Shortege P_port (prior to transfer__ng the assembly to

the next deoartment)_ the i_pez_ion Lead=an or Inspection

Supervisor will close out the reoort by placing the date and

his signature _nd stmmp on the line i_ediately below the

last sho_age or held up entry,

8.3.2 Entries far those shortages transferred from the R 25-U form

or other shortage reports shall have "Transfer to Shortage _

or "Held Uo" stamps applied; the Inspector shall place a

single ir_pection stamp in the right h_nd inspection columm

on both the Discrepancy P_port azd Shortage Sheets on the

line _th the stamp and referring entry.

8.4 Upon completion cf assembly build-up, the ISO Books shall be

audited by Manufacturing mnd Inspection.

8.4.1 If any items remain unaccomplished, these items shall be

recapped _o a Shortage Reoort (Form 6i-Y) on a single form

with two soaces left for action taken _nd verified by the

Inspector. T_his single form shall be inserted into first

subsequent ISO Book by Inspection.

8.4.2 After tr_ansfer of the assembly to the next department, the

following entries are recorded on the Shortage Report upon

:cmpletion of installation of "short" or "held up _ items.

8.4.2.1 Date: The date that the shortage or held up item

is installe_.

A-_

8.h 2.2 Mech. : The clock n_±mber of the mechanic making the

i_taLlation and recording the action taken,

R-3729P
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8.5

8.4.2.3 L.M.: The responsible Manufacturing Leadman's

stamp.

8.4.2.4 Insp.: The Inspection acceptance stamp in this
coiu_m verifies that the installation is

acceptable and the Date, Mech. and L.M. columns

arecompleted.

8.h.3 During first E & M hot-fire and second E & M checkout,

if any additicnai shortages or held up items develop, they

sh_il be reco_ed by _hnufacturing on the same 61-Y Form,

inserted in this book by Final Checkout Inspection and
ve__fied by i_pection.

8.h.h At completion cf engine acceptance by the custcmer, the
E & M Checkout and Hot-Fire Book shall be audited and if

mny short,ages or held up items cannot be cleared, they will

be recaoped _ Manufacturing and ve__fied by Inspection on

a single Form 61-Y. This single fon_ shall be placed by

Inspection in a shipping envelope and attached to the engine

for prccessing into shipping.

At the c!eseout of the Inspection Sign-Off Book and CVRBook from

arV station or area mud no shortage or held up items are recorded

on a Shortage Report, the Inspector will close out the report by

placing the word "NC:_£", the date, his signature and his stmmp on
the first line.

A-35
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9. SERIALI%ATION RECOPS3S IN ISO BOOK*

9.1

9.2

The Serialization Record Sheets (Form 604-N-2) are used in the

Inspection Sign-Off Book_ to record the se__zl numbers and instal-

lation dates of certain selected components installed in the

ass_bly. These records are retained as permanent inspection and

historical reccrds and are utilized in quality and reliability

performance analyses of engines and camponents.

The Serialization Record Sheets (Form 604-N-2) are initiateds '

inserted and maintained to current status in the Inspection Sign-Off

Book by the Process Control Group of Rocket_me Planning Department.

9.2.1 The Planning Department enters the part name and nunnber on

the heading of each sheet,

9.2.2

9.2.1.1 These entries shall be checked bythe Inspector and
should be identical to those on the frcnt of the

cover of the ISO Book.

9.2olo2 The Inspector shall enter and verify the serial

number of the assemhiy frcm the front cover of the

ISO Bcok (as assigned).

The Pi__uing Depa_tment _iil list the Part )b_mbers and Names

of seri-_/ized assamblies or parts that are to be assembled

in the component,

9.2.2.1 These entries shall be checked by the Inspector to

the applicable drawings, sign-off records and the
actual installation.

9.2.2.2 The Inspector shall enter the serial _mmbers (in

the ORIG. S/N Blocks) of the parts listed from the

actual installation, dating the DATE blocks and

acceptance stamping the II{SP. block to show verifi-
cation. (Use the Rocketd}_e Serial Nut,bets when

available)

9.2.3

9.2.4

The Insrector shall make correctior_ or changes to the part
names or numbe/s entered on the Serialization Record and

shall notify the Inspection Lea_an or inspection Supervision

to request immediate correction by Planning.

The accozplishment of the Replacement Data section of the

Serialization Record is the responsibility of the Inspector

andshallbe coordinated %_th his acceptance of the Part
Removal P_cord (Form 79-_of the ISO Book.

9.2.5.1 The Inspector shall enter the serial numberj date

and his acceptance st_mp in the appropriate line

and colurzs to record the repiaca_ent of _ny item

listed on the Serialization Pecord. A-37

_ee _tr_ti_ on page 37.
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9.2.5

9.2.6

9.2.4.2 _en an item has been replaced _d its replacemen%

date section is filled, the part n_ber and name

shall be trer_sferred to a vacant l_e and the new

(replacement) se__al _,_mber entered in the OPIG. S/N

_ith the installation date entered _Sth the aocep%,-

ance stamp of the inspector in the Date and Inspe

blocks, The Inspector shall then draw a line

through the Final] Verification blocks ofthe origi-

nal line of entries,

9.2.4.3 !._.en the part number of an item on the Serialization

Record is changed at a replacement (due to EO or

dra_dng chs.nge) (For information on!y)_ the Inspec-

tion Leadman or Tnspecticn Supe_,-ision shall be

notified to request the Pi_ning De_artF, ent to make

an _._-.ed/ate correct!on of the Ssrie.!ization

F_cord by an ent_ of the ne_- number on a vacant

line,

9.2.h.3.I The l._m_ector sh_l! close out the pre-

vious line of entries by dra__ng a line

through remairing Replacement Data blocks

and the fin__i verification blocks, them

entering the serial n_nber of the newly

ir_tailed _art in the new line under
T_OP_!u. S/_C with the date and his accept-

ance sta_p.

Final verification * _ _adeen_r._es are at the clcseout of the

Ir_ection Sign-Cff Beck tc verify the ?rcsence of the par%

by part n_<ber and se_.al n_c_ber on the as_mbiy (as %Titten),

9. .5.1 Transfer of the Final Eqgiue As_e:_bly Serialization

F_cordz or infcz_aticn to t!_e iSO Book for ne,rt

assembly or test shall be by the Luspector or the

inspection Lea_man at the cRcsecut of the book or

by the Inspection P_cords _u_ Data Group after Final

Verification,

Prier to cioseout of the ISO Book the SerisAization P_cords

sheets shall not be removed or transferred from the Book

without the written consent of the Inspection Supervisor

responsible for the closeout approval of the ISO Book,

A-_8 R-3729P
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I0. ORIFICE AND RESTRICTORRECORD

I0.I The Orifice and Restrictor Record (Form 604-N-1) isused as the

permanent inspection record of the sizes, locations and part

numbers of those orifices and restrictors in rocket engine systems,

During the various trials and tests that are made to achieve com-

liance with specific detailed Engineering parametersj assembly

and test personnel may change orifices and restrictors.

The only orifice and restrictor changes made on the rocket engine

are those required by drawing mud the final size determined by
rocket engine calibration testing. All other changes _ll require

an Engineering Order.

All zea_Jrabie orifices shall be inspected at the time of

installation and recorded on the orifice log of the ISO Book.

All orifice parts Kill be adequately sealed and verified by

inspection uyon installation in the rocket engine. If seals are

broken by anyone other than an inspector, the orifice _Sll be

remeasured I reidentified if recurred and resealed. If subsequent

removal of an orifice is necessa_T for recaiibration or any

other reason, the above requirements shall apply relative to

reinstaLiation and recording. A cross reference will be made

of iSO Book Orifice Log, Orifice Installation and Engine Data

Lcg orifice size cailout at time of 2nd E & N prior to deliveryo

10.2 Racket Engine Assembly prior to Acceptance Test

10.2.1 Orifice parts to be installed in the rocket engine will

be identified with the part n&mber, inspection acceptance

st-_-r_pand packaged in a sealed ba_. The sealed bag willbe

appropriately identified to preclude it being opened.

m

10.2.2 Recording all orifice chan_es p_-ior to acceptance test

_ll be accomplished by entries in the Part Removal

Pecord Form R 79-Q and not the Orifice LogSheet in the
ISO Book,

10.3 The Orifice Record sheets are initiated and inserted in the

fiz_t build-up iSO Book by the Plarming Process Control Group

with the following entries to be verified by the inspector.

10.3.1 R/E : This is the assambly number as shown on cover
of the ISO Book.

10.3.2 R/ESer. No. _._: This is for the series group amd
model n_mber as shown on the cover of the ISO Book.

10.3.3 Page of : This identifies the total number of
Orifice Reccrd Sheets that sho__Id be in the book and

, their sequence.

• ! A-_I

I0.3.4 _v. Date : This is the last change date by Process

Control Orou---_of the entries.
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10.3.5

I0.3.6

P_-t N_mber & Nan,e: These blocks are used to record the

system (_aei or Lox) and whether the p_t is an Orifice
or a Rcstrictor Plate, followed by the part number of

the item.

Location: These are detailed descriptions of the unit

s_ste_s and the it_zs between which the Orifices or
Rest_cter Plates are installed.

10.4 The balance of the entries on the Orifice Pecord sheets shall be

nade and verifies by the Inspectors.

!O.h.l Contract
Book Cover.

: The contract n,mmber as sho}m on the ISO

R/E Ser. No.: The serial nunber as sho_m on the
ISO Book cover and :ust be compatible with the series

gloup n_bers sho_ by Planning.

10.5 ASS_LY AF_i _ne area ic_nt__caolon and the date of the first
DATE : ins_a!iation inspection.

10.5.1 Size: These shall be entered by the lnspectcr from the

actual, cr equivalent, verified size el" the opening on

the --_p__riate-'--__-_ sho_ _nder pa_ _nber, number
and location.

10.5.2 lv_pec±icn: The insuector's st_--D is placed here to

ve__Aj the _t=ce of the tag _md Orifice installation.

10.6 _ Number: l_en _n Orifice or Plate is chm.ged_ the inspector
sbal! note the ran n_ber in the soace at the heading of the

col_u_ and enter the new size n_L_ber in tie appropriate size

block or blocl_ with _is inspection sta_o to verify the physical

check of the changes in items and identification tags.

!0. _.! _en the cart nm_ber of a replaced o__fice is different

tha_ the originai_ the inspector sha21 note "See
Femovai Sheet" in the run number block.

IO.,%.2 _en more than seven (7) recordings of runs are required_

the ir_pector mZ_irZ the verification shall enter the

legend, SEE 3SLCd, or SEE PAGE NO.____, in the final
orifice __nstallaticn SiZE AhD PART NO. blocks and inser_

his st_mp.

10.6.2.1 The inspector shall then trmnsfer the require_
E_fRI_ in the "Part L,m_ber and Name" and the

location blocks to the n_w location,

10.6.2.2 When a new page is reoaired, the inspector

trar_fer the entries on the headings and add

the word continued after the page _nmber.

10.7 _tu-ing and subsequent to acceptance teat,• all variable orifice

R-3729P
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changes will be accomplished hy entries in the Part Removal

Record. _-inal orifice irmta!lation entries shall be the respon-

sibility of the inspector at final ass_nbly, after hot-fire and

inmediately prior to closeout of the ISO Book. He shall enter

the following:

10.7.1 Date : Date of final irstallaticn verification by

the inspector.

10.7.2 Size: Part No.: These entries must be made by the

inspector after physical check of the tags on internal
orifices and olate markings and nust correspond to the

size and part number shm,_ in the last ran number entry.

IC.7.2.1 Tags and markings accepted by the inspector

shall be acceptance stanped by the inspector

inthe FINAL column.

10.7.2.2 After installation of internal orifices, a

metal tag _dl] be attached cn or adjacent to
the orifice and ,iil be identified with part

n_mher, orifice size and an inspection stamp.

10.7.2.3 The orifices listed on the Data Log Sheet in

the Rocket "Zngine Log Hook _ill be checked for

accurate log book ent_ r against the orifice
installed cn the engine. This inspection will

be made Frier to inspection acceptance of
Form DD250.

IO.8 The orifice and restrictor record as a historical record is

transferred by the ir_pecticn and the insuection leadman at the

"closecut" of each i30 Book cntil final "cicseout" befcre engine

clearance, it is left in the __nal Asse_iy ISO Book when

"closed out" into engire clea,_nce.

10.8.1 As each orifice and restrictor is critically important

tc the operation of the engin% e_reme care must be
exercised by the inspectors _nd irmpection leadmen in

their verification and acceptance cf the part number

and orifice sizes listed which m_: be different than

those on the initial assembly.

10.9 Overhaul Engines and engines in Logistics will be treated as

post acceptance test as outlined in paragraphs 10.7 and lO.So

IO.I0 Purchased Material Inspection Supervision, Department 558, are

resporaible for the spot check and 100% check of aS/measurable
orifices in stock and that all measurable orifices will be

reinspected at the time of shipment as kits or spares.

A-43
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II. THRUST CF3C_ER I_AK C_IECK AhO RKPAIR LOG (FORM 607-N)*

Thrust Chamber Leak Check and Repair Legs (Form 607-N) are used in the

IS/)Books as a graphic and chronoicgical record of the Thrust Chamber

Leak Checks and Repairs.

This Form is used for tubular _li thrust chambers and is a contractual

._quirement; it is suppiementa_" to the Inscection Sign-Off (ISO)

Records, Inspection Discrepmnc_ _ and Co_Teotien Record (R 25-U) and
Materials P_vicwAction Reports on Quality History Cards (Form 609-R).

]/.3 Initiation and ir_ertion of 607-N Forzz into the Inspection

Sign-Off Books for the body assembl_* of the thrust ch_ers

are accomplished by the Process Control group of the Planning

Department and verified by the Inspectcrs.

ll.!.! The proper ent_es, fci!ow-up, _nd additional insertion

of the forz.s into the sign-cff books, traveling _ith tf_

thrust chamber or the engine, will be the responsibility

of inspection. Additional fonT_ can be obtained from

the Process Control Group of the Planning Department.

]-1.2 Procedure

Form 607-N has two (2) thrust chamber _¢e_ and a sign-off

section tc describe the discrepancies and corrective actions.

View A and B _il aid in establishing the location of each

discrepancy.

ll.2.1 Initial entrieg on each Form 607-h_ shall be ente.red by

the using conceded Inspectors. These ent:_es include

the Part N&mber, Thz_st Ch&-ber Serial "T:_mberand Engine

Serial Number from ti_e _semhly and the _spection

Sign-Off Book Cover.

11.2.1.1 Pages shall be n<wbered in sec_ence starting
_ith the Number i,

11.2.2 During fabrication of the thrust ch._mber, specified

pressure checks ;ill be witnessed and the results
entered on Form 607-N by the inspector in the

"Discrepancies" colunn in the follo_ing mariner.

11.2.2.1 Discrepancies will be numerically recorded

in sequence by entering the appropriate

number in the upper left corner block of each
sectiom.

11.2.2.2 The Inspector shall apply his stamp In ths
blocked area between "insp." add _date. m

_-_ee _!lustration on page _6e
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11.2.2.3 DATE: Enter the date inspection is accom-

plished.

Ii.2.2.h

ll.2.2.5

NO DEFECTS: The Inspector's stamp is applied

here when there are "No Defects."

DEFT. : The Department Ntur.ber _,here the thrust

chamber test has bcen made shall be entered

here,

11,2.2.6 "CO" BLOCK: When a leak of 400 CC or less is

recorded at test, enter the amount (in cubic

centimeters).

]_1.2.2.7 GAL.: Enter the amount of leakage (if any) in

gallons (e.g. 2/10).

11.2.2.8 II,TSIDE OR OUTSIDE: Check (w') the applicable

block indicating the side discrepancy is
located.

11.2.2.9 LBS.: Enter the &_ount of pressure applied

(i000 lb. or 30 lb.) _:hich sigrifies the ts?e

of test performed.

11.2.2.10 Discrepancies recorded in the body of the form

shall read: "Leg<s at () o'clock station

inside, ref. DCP#xx. e

11.2.2.11 _en no discrepancy exists the word NONEis

entered and the Inspector sh_dl apply his

inspection sta_.p tc both sides Of the word.

11.2.3 Severity of the damage to the th_-cst chamber assembly

is assessed by the L_spector or Inspection Supervision

to deten_ine the level of repairs for ir_pection

acceptance.

11.2.3.1 Bepair discrepancies recorded in the 607-N

by the Inspector shall also be recorded on the

Quality F_story Card Form 609-Rand the

Form R 2_-4].

I1.2.3.2 The Standard Pepair Manual shall be consultad

for the authorized level of repair and test.

11.2.4 Applicable entries of accomplished repairs will be

recorded in the "Corrective Action" col_mn. Completion

and inspection acceptance of co.rr_ctive action will

require the following entriess

A-46

11.2.4.] The _chanic's Clock Number and the date

t_m repair was completed.
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11.2.5

11.2.6

11.2.4.2 The Mechanic Leadmanwillapply his stamp

and enter _ date in the applicable blocks.

I_1,2.4.3 The Inspector wil! apply his st_p and enter

the date u_on accepting repairs or verifying
pressure tests.

11.2.4.4 Follow-up for reqt,ired signatures and inspec-

tion acceptance stamps clearing the discrepancy

in the Materials Revie_ Action Forms_ %_llbe

made in accordance with applicable Quality

Control Operating Procedures.

Upon completion of acceptance inspection of the

fab_cation of the th_ast chamber bo_7 assembly, the

Inspec±or _#il duplicate the Form 607_ and together with

a 93H-1, Parts Identification Tag, attached to the

thrast chamber body assembly, route the unit to final

build-up mud assembly. The thrast chamber body assembly

sign-off hock is for_:arded to the concerned ingine

Clearance_roup for composite information and completion

of engine records.

A composite reoort of all repairs listed on Form 607-N

shall be accozoiished by the concerned Engine Clearance

Group,

A-&7



Procedure: R-8.1

Page h6 of _7 Pages

I r, IIUST CHAMBER

, VIEW A .....

_"
LEAK CHECK AND REPAIR LOG

INSTRUCTIONS

In View "A" locate the leak and/or

repair clockwise by the use of an

asterisk (*) along with a number in-

dicating whether it is the 1st, 2nd,

defect, et,"

In View "B" locale the leak and/or

repair in the _me manner using the

stations this time.

NOTE: _ of Manifold Inlet will

be utilized as 12 o'clock.

___STA .,_.5

Vl_/¢ B

%;;/-

ALL ENTRIES MUST BE PRINTED IN INK

PAGE OF.._

PART NUMBER.

1HRUST CHAMBER S/N

ENGINE SERIAL NUMBER

12 O'clock

VfEW A

DISCREPANCIES !

D,-_TE

i

! _CI__I _;,_I
A.-48

i

I
i

COF, R:CTIVE ACTION

MECH.

LD. MAN

I N,_.

INSP.

i

_EC_L

I.D. MAN

INSP.

J, i i

DATE

DATE

DATE

L DAIE
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12, Th_UST C_._.[BER ALIG._._ENT (FORM 6!2-H SERIES)*

12.1 Thrust Chamber A!igr_ent Forms (612-H S@ries) are a specialized

t}?e of Irmrection Sign-Off Record and are used to record the

data obtained during the tests and neasuraments of the Rocket

Engine Thrast Chamber alignment operation according to applicable

Process Specifications,

12.1.I

12.1.2

The thrust alignment test and measurement operation is

accomplished according to the Inspection Sign-Off Book

calicuts and applicable Rocketd2me Process Specifications

by Manufacturing. The required data is recorded by

Mm;ufacturing and verified by the Inspector on the

Thrast Alignment Forms.

The sFecia3ized foz-s are initiated, maintained and

inserxed in the ISO Books by the Process Control Group

of Planning. The "nspector sh&ll report any discrsp-

ancv between the IS$ Pecord Sheets, the Process

Specifications and the Thrust A!i__ment Record Forms

as a_n-,insnection. Discrepancy_ and Correction Record

(Fern. R 25-U) in the iSO Book arid to the Inspection

LeaCh.an for reconciliation and Correction by Planning,

12.2 The inspector shall verify all installation and aligr_nent

operations tc the applicable specification,

12.3 The In_ ector sha]fl verify the required measurement t_ken by

Manufacturing in the appropriate spaces provided on the

Thrust A3ign_.ent Forms,

12.3.1 Adjustments or aiigr_ents distuWoed after izmpection

ou3-_ by subsequent re_.....u or adjustment operations

shall be recorded by the inspector as a discrepancy
on Form. R 25-U in the ISO Book,

12.4

12.3.2 Pa_s to be removed hv ' _ ,,,[anu_act_r_ng shall be recorded
(p_ior to their remcval) on the Parts P_moval Pecordand

the operation verified by the Inspector.

The T>-rustAlignment Record Forms are a permanent historical

record of the assembly and are left in, the Inspection Sign-Off

Book when they are turned into Engine Clearance for processing

and storage. At Neosho these forms are forwarded to Quality

Control Anal$_is for the necessary duplication and insertiom

into the Engine Log Book,

mnp a. _ _ am _ 1rib alUm _ _ _ In, ,am

_ee illustration on page _8,

A-49
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Procedure: R-8.1

Page h8 of 57 Pages

T.'C7 *'<". "'_ T} .... _" CIL_'_EE

! ........ _ V.-?. } i_:-.':_:JT YAW STP,L_T

I
1 7*.2] I i

r ....... I ........ i'.'¢i_S

YAJ SIRUT

.: ;jj :_.?j.,_

:: *'-I,'T LE::']TH

[!':57H

i.,_J:Z-_.

_-. Eead!n/s _.crc taken b:" rctatirz the "SF'_Jer ''_ithin the Th_us_ Ch_-.ber in

apFroxir.ate!7 I_.° incr_:.e_ts and adJurt!rg t_e strut lengtb_ to line up

reflected cro-_s"a!rs _qth e::eFiccc cr.__._ha:r_; ie, to r.ake "Spider" cenl_rline

parallel to opt, :al centcrline,

: Lach average str_t len_%*._ ±_ the dlstancc fro_ the center of the pin in the

o_trlgser _rn. tct _- plm._ c_ t,_e 5Lrba/ l,:ring to _e the averare ge_.mtrical

centerllne of th! ch"--_er _,_e-Lly per_eni-'cu!,¢ to Ibe plane of the Gimb_/

Ee_ring. i_=pec;icn Verification.

i A-50 R-37fi9P
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13. SAFETY INSPECTION VEPdFICATION SHEEr*
t

13.1 The Sa#ety Inspection Verification Sheet is used by inspection

to tabulate the discrepancies found during the Safety Inspection

Check. This is acccnplished after Hot-Fire and prior to the

submittal of the engine to Custozer Inspection. It forms a

part of the permanent inspection records.

13.2 The Safety Inspection Verification Sheet is initiated and
i._erted as required in the IS? Beck by the Process Control

Group of Planning.

13.3 The !r_pector shall be responsible for the accomplishment and

the accuracy of all entries on the sheet,

13.3.1 The Assembly Part Number and Customer Serial Number shall

be entered as shc%-n on the Cover of the ISO Book,

13.3.2 The n,_mber of squawks for each entry shall be tabulated

by the Inspector from the Form R 25-U _n_itten during the

Safety Inspection (after Hot-Fire and prior to presentat_

to the customer for acceptance). Each total shall be

entered, dated and acceptance stamped by the Inspector.

13.4 The Safety Inspection Verification Sheet is left in the ISO

Beck and is sent _,ith it at "closeout" to Engine Clearance

I_mpection Records and Data Group.

mm_m_om_nomml

_ee _t_tion _ p_ 50.
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8_'.FZ'-Y 7}:SPECT,.!ON_,_I2!FICATZON S_-_

qUS'TO]._ E._INE

SZ._TJ_ KO.

INo. ofI.=_-,-__:._-T...0,,S _ Th_ ._,S._.-,C,0R DATE So-aa_:k_ STA__/_

-____ectricalC!m?.os instELled & Wire
2. cleo_--'__ncefound per 3/P & S_oec.

3. _ectrical .__ugs__nd Co_ectors tight.

I_. T_bing & IZnes identified p_r B/P & S_ec.

Bolts re-tor_,_ed per ISO Book, B/P & Spec,

5. & terque marked.

6. "B" l,_ts, Js._Nuts & _:0"P_s inst_f!led.

_o._u_ ma_<ed as .Fittings re-tor_ed & _ "_."° not___ in

7. IS0 Book, _/P & Sp_c,

8. P_up for scratches or d_-_ao_e.

O_stamer Verlfic aticm I

R-5729PA-52
Safety Inspection Verification Sheet to be retained in ISO Book

)
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14. MCRVERIFICAT!ON LIST*

lh.l The Master Change Record (MCR) Verification List is used as the

permanent inspection source record of the accomplishment of

re,tired Enginee__ng changes in configuration, processj or testsj

made on the Rocket Engine or its components.

1h.2 The MCR Verification Lists are initiated on a current basis by the

Engine Clearance Group when notified by appropriate Contract

Change Notice (CCN), Inter_sdiate Stage Letter (ISL), Engineering

Change Proposal (ECP) and Master Change Record (MCR).

14.2.1 The MCR List Heac_n_ notes the date, contract, the

affected Engine Model type and model numbers, the G.O.
number and the latest revision date.

i_.2.2 The body of the list outlines the details of the changes

required with the aTpropriate MCR No., Reference number,
effectivity (by se__al n_mber) the detail description of

the ch_uo_es requirel as well as the location where the

"BUY-OFF" of the change is to occur. Space is provided

for the Inspector (=hat verifies the change or its

acceptance) to date __ud stamp his responsibility.

14.3 Current MCR Lists are issued as required by the Engine Clearance

Group to the Inspection Leainen for insertion into each affected

Inspection Sign-Off (ISO) Book.

14.4 The Inspector shall veri_j _ud acceptance st_p each MCRlisted

and accomplished.

14.4.1 The CVRBook List ef cleared changes may be utilized by
the Ir_pector for the verification of the accomplishment

of changes required on the MCR List.

14.5 }_en a currently revised MCI Verification List is initiated I the

Inspector shall remove the superseded list and reverify the

acconplish_ent of each MCR listed. ..

14.6 At completion of the ISO Beck the MCR Verification List shall

be audited by the inspection Leadman and left in the ISO

Book as part of the historical inspection records.

Im||||l|m|m|m|mm|

_e_ _ust_tion _ p_e 52,
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:O._,,,LR 15h-H-2 M.C.R. - _D _Ct_,3ER PAGE of
VERIFICATION LIST

I!

:.._._. ENGIh_E CL_.._LiNCE DATE:

hOLE. CONTRACT:

!;:O!_E MODEL: REV. DATE:

_[_'A-"=:.........."r "_V---'_

!_0.

A-5_

ON ._EL__ISING TITLE
DEPT. DEPT.

_<ECH. INSP.
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15. STRUCTUPAL APPROVAL AN_ VATE_T_ALS R_¢IEW FORM #60-W - ACTION IN THE

INSPECTION SIGN-OFF BOOK*

!5.1 This foz_ as a Materials Review and Inspection Supervision

Disposition (!SD) Form, is used in the ISO Book to record the

discrepancies noted by inspection %_ich cannot be accepted to the

required dra_Smgs or specifications. This form also provides a

uniform m_nner of recording the disposition.

15.2 Initiation: _'[_.enan ins_ction Discrepancy and Correction

Records (Fc._n R 25-U) on%or requires a disposition approved by

inspection supervision cr Materials Review, the complete report

is cooies. _"_ the inspector on to the St._actura! Approval and

Materials Review (Form 60-II) in the sa_e Irmpection Sign-Off
Be

15.2.1 69 -w action shall be ir/tiated orgy when authorized by

i._pe ction supervision.

15.2.2 All inspection entries shali be legibly written or

printed in ink. All entries made by Materials .Review

engineers shall be legibly _Titten or p__nted in ink.

15.2.3 Erasures shall not be made. Inspection correction to

orid_nal ent_es shall be made by striking out the error

with a single line and stamping the entr-j. Corrections

shall be made oni3" by the person who made the entry or

by L-_pection Supervision.

15.2.3 .I Changes to disposition entries .made by a

Materials Pe_iew Engineer sh _all be .made and

signed by a Materials Review Engineer.

The Form R 25-F ent_- shall be left open until the

disposition has been approved s_nd any rework require.d

has been accozp!ished and accepted.

15.2.5 All 60-"I Forms are to remain in the Inspection Sign-Off

Books as perz_nent records of inspection and Materials
Review action.

15.3 T_ ACCO?__LIS_uV_T OF Tu_ FOI%,M60-W SHALL BE AS FOLIDWB:

15.3.I UNIT, SERIAL CP. SHIP (R/E) NUMBER: Circle correct

description and enter the numbers from the Inspection
Sign-Off (ISO) Book cover,

15.3.2 ASSSMBLY hq_MBER: Enter number as shown on cover of ISO

Book..

15.3.3 All 60-W actior_ shall be numbered consecutively by th8

initiator in the left-hand margin with the discrepancy

starting at #1 in each ISO Book. This nu_er shall be

cross Teferenced on the Form R 25-O.
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_ .u .... -.-'_ AT.2.?.... .......... • ...... • , ,

15o3oh ':!NSP. AUTH. _ BLOCK: The ro'omd acceptance stamp of the

authorizing inspection iea_n&n or the inspectiom

Supe_rTdsorTs t__s_g!e acceptance st_p is placed hers,

Disoositions approved by a Materials Review engineer

shall be tris.ng!e acceptance st_ped in this block by

s_n inspection super"_isor, indicating concurrence with

the .','_ateriaisF_iew engineer's disposition.

15.3.5 '59.T. P_V. _[3." DATE: if Materials Pw__ew approval is

required, the :.:_e__a±s Review _ngineer will sign in

this block.

!_._.5.! _ne date the disposition is a-_horized shall

_.Isc be entered.

..... _*'_=_" Enter the n-mb_ of the det_il part thati5.3.o _-_-..................
iS CLIZCI _P?_'_e

15.3.7 T_OE OF o....._. ._._n: inspection is to enter, "Standard Repair

},0._____2" :'-SD" _.,_ "_ engineer _H_I enter F_KD or

23-H-! n'_ber _i]ichever is applicable.

15.3._ DISCP_EP.:JJCY: Copy the discrep-_-ncy ent_7 in detail and

reference the n'_=ber of the discreps_ncy entry in th@

ieft-h__nd ms__in_ as "?_EF. _r_- __ " (be!cw the 60-W

_TiON 1,u_'mLR).

15.3.9 DISPOSITION: This is the detailed _scostion for

accep_nce_ refiacement, or repair of the discrepant

iten and is filled in by the Mate__ia!s P_,_view engineer

7 _o, _ or .for 'ZPZ)'s __a by Insnect_on ...._n sur.,er-__sion for

Standard P_Fairs and ISD's.

15.3.9.1 S_=_4ai tests or 4 .... _-'_...... n.....c___ns required for

acce::tance shall _....._-'.-+_"o_,__re....in detail and

__.--___.._a by _.__._r_"__on as co': :pieted,

!5.3.9_2 HOLE eFfaCE: Insi_cter will place .his accept-

ance err z;; i:-:_:r_s_ion !:ere after accepting

hcies wl_ich were ch_i!led in order to acc_pl_sh

rep-:_-,

15.3._.3 Y_&TEP_AL Ck_CK: Luspector wLll place his

acceptance stanp Lmpressien here after accept-

in S m_teri _als wi_ch were used to accomplish

repair,

15.3.10 The Mechanic's clock n'&_ber _nking *",__._. repair and date

completed should be entered by the m_c.an_c,o_

A-56

15.3.11 13;SP. ACC-__>r.: The triangle acceptance stamp of an

Lnspection supervisor will be applied here indicating

satisfactory co_pletion of rework or concurrence with

"USE AS IS _ dispostion,

R-j729P
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15.3.12 CUST.: The inspector shall have the customer place his

acceptance stamp here when required.

15.4 TRANSFERRIN3 OF I}_COMPLETE 60-W ITemS

15.4.I Incomplete repairs (Std. Pepairs, ISD's, or MRD's) which

have not been worked in the originating department or

section, must be transferred as follows when the original
Sign-0ff Book is othe_se ready to be closed out and

separated from the assembly:

15.4.I.I The incomplete item _ill be cooled complete on

a new Form 60_ T. The wording .must be exactly

the s_me as on the original. The sequence

n&_ber must be noted in the left-hand margin.

_&en the material and/or hole check has been

stm_ped on the original, the inspector will
stamp the duplicate mud note "TFO" (Transferred •

from Original) adjacent to his stamp.

15.h.1.2 The new item _iI be noted in the left-hand

margin, "Transferred from Original Book number
" and 60-W # n

The new Form 60-:: (with a new shortage report) will

acccmoa_u,_the assembly (installation of these forms in

the new Sigr-Off Book shall be checked by the Inspection

Lead-an at close-out of the ori__nai ISO Book).

15,4,3 Insoection in the originating department _a[ll be responsi-

ble for obtaining necessary authorization st_mps and/or
signature on the new 60_d form.

15._.h The original item will be noted, "Tr_,nsferred to Next

Depsa_ment " and the inspector __ll stm_p adjacent to this
notation, verifying the transfer to new sheet. The

original must remain in the Sign-Off Book.

15.5 When a Structural Approval and Mate_a!s Review Form 60-W is

submitted for Inspection Superw_sion or IL_teriais Review Disposi-
tion I a Quality History Card (Form 609-R) will be initiated and

accompany the 60-W Form.

15.5.1 The Quality History Card will be completed in accordance

with Qua/.ity Control Operating Procedure R-_.4.

15.5.2 Completed Quality History Cards shall be reviewed by the

person authorizing disposition (Materials Review engineer
or Inspection Supervision) to detenuine the requirements
of corrective action.

15.5.3 When required, the customer's representative will indicate

concurrence by placing his acceptance stamp adjacent %0
the 609-R Card's serial number.
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15.6

15o5_ L Upon completion of the above action, the 609-R cards will

be foz-_,arded to Quality Assurance.

_'_ORK ACCO,'_-,IS._nD BY OTHER DEPART.W_TfS

15.6.1 P_work acccmoiished b-: other production departments may

be authorized on pi_nning tickets or P_R's. In either

case, inspection operations should he transferred to

the 60-k r Fo_ referencing the other For_'s serial

number.

R-3729P A-58
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STRUCTUP_8,L APPROVAL & MATERIALS REVIEW

UNIT, SERIAL OR SHIP NO,
(CIRCLE ONE)

,_SEIVJ B LY NO ....

INSP. RUTH.

DATE

MAT. REV. ENG. PART NO. TYPE OF REPAIR MECH. NO. INSI_'. ACC'EPT.

DATE

OUST.--

"Discrepancy J Disposition

I

, I ,,

...... HOLE CK.

I. MAT. CIC

INSPI AUTH. k_AT,REV. ENG. PART NO. TYPE OF REPAIR MECH. NO. INSP. ACCEPT. CUST. '

DATE

Disposition

DATE

"D'iscrepency

INSP. AU_I'H] I_IAT. REY. ENg. PART flO. , TYPE OF REPAIR MECH. NO.

..... Disposition

0ATEBAT|

HOLE CK.

MAT. CK.

J lNSP. ACCEPT. cuEr.

i_-_ _2_ ,

I
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._ Dl_J_Or_ Ow _o_vP-_ AME_ICA_'_ AVlATOOP_t tNC

0_LZ_ oF_0C_D_ _G_

_,0D_LsP_CZFzc_zo_
(s_)

Paragraph

I.

I.I

1.2

2.

2.1

2.2

3.

3.1

3.2

3.2.1

3.3

3.3.1

3.3.2

3.3.3

TAB_I

3.3._

3.3.5

3.3.6

3.3.7

3.3.8

3.3.9

3.3.10

3._

3._.1

3.z,.2

SCOPE

Scope

Classification

APPLICABLE DOCUMENTS

Specificatious

Publications

REQUIREMENTS

Model specification

Mockup

Rocket engine changes

Performance characteristics

Reliability

Performance ratings

Estimates

Estimated.Performance Ratings at Standard Vacuum-Static
Conditions

Components

Starting

Shutdown

Malfunction

Electrical power

Propellants and fluids

Control

Environmental and load factors

Environmental conditions

Flight and ground loading conditions

R-372qP B-I
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3.5

3.5.3

3.5.a

3.6

3.6.1

5.6.2

_.6.3

3.6._

3.6.5

-5.6.6

3.6.7

3.6.8

3.6.9

3.6.10

3.6.11

3.7

3.7.1

3.7.2

3.7.3

3.7.4

3.7.5

3.8

3.8.1

3.8.. °

3.9

3.9.1

3.9.9

Drawings and data

lie i ght s

Over-all dimensions

Components and systems

Propellants and other fluid systems

Power control

Electrical system

Ignition system

Lubrication system

ihlgine system

Tanks

Burst diaphragms

Accessory drives

Hydraulic system

Accessory equipment

Fab ri c at i on

Mat erial s

Processes

Standards

Parts list

Changes in design

Identification of product

Connections

Components

Genera] additional information

Thrust alignment

_,gine capability

)
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w

b

Paragraph

(5151)
(5151)

(_1_1)

(5151)
(5151)
(5151)
(5151)
(5151)
(5151)
(5151)

(5151)
(515)
(5_51)
(515_)
(515_)
(5151)
(5151)
(5151)
(5151)
(5151)
(5151)

2i.

_.1

_.2

h.2.1

h. 2.2

1.

1.1

2.

3.

3.1

3.1.1

3.l.2

3.1.3

3.1.z_

3.2

z,.

_.1

_.1.1

_.1.2

Z,.l.3

&.2

_.2.1

zi.2.2

_,.3

_.3.1

_.3.2

QUXLI]7 ASSb_L_\'CEPROVISIONS

Classification of tests

Tests and test methods

Alternate test fluids

.Qualification tests

SCOPE

Scope

APPLICABLE DOCUbENTS

REQUIR_IENTS

Reports: Rocket engine components

General

Preliminary reports

Final report

Number and distribution of copies

Disposition of Qualification-test data

S_L\_LING, INSPECTION, AhD TEST PROCEDURF_S

General

Test apparatus andprocedures

Automatia recording equipment

Parts failure and replacement

Rocket engine inspection and test

Rocket engine tests

Rocket engine inspection after tests

Rocket-engine component inspections and tests

Previous component qualification

Rocket engine-component inspection before tests

.J
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P_ra_ra_

(5]5].) 6.._.3

(5.t51) ,,.3.',

(515]-)" 5.

(_:].5:t) 6.
(:;_51) 6.]
(2;151) 6.2

&.2.3

(BB26) l.

(6626) 1.1

(_(,26) e.
(6626) 2.1

(6626) 3.

(6626) 3.1

(6626) 3.1.1

(6626) 3.1.2

(6626) 3.1.3

(6626) 3.1.6

(66__) 3.2

(6626) &.

(6626) 4.1

(6626) e_.l.1

(66:!o) 6.1.2

(6626) _.1.3

Rocket-engine component tests

Rocket engine-component inspection after test

PRI_AtL.iTION FOR DELIVERY

NOTES

Definitions and symbols

Intended use

Prelimina_ T F]ight Rating tests

SCOPE

Scope

APPLICABLE DOCUSIKNTS

Go verna]ent documents

IIEQUmD_-NTS

1Reports: Rocket engine and components

General

Preliminary reports

Final report

N1_mber and distribution of copies

Disposition of Pre]irainaIT Flight P,ating test data

QUALI TY ,iS SCK_,CE PR0\q SIONS

General

Test apparatus and procedures

Test conditions

Parts failure and replacement

J
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P_I l_a_. raph

(6626) _.2
(6626) _.2.1

(6626) _.2.2

(6626) _.3

(66261 5.

(6626) 6.

(6626) 6.1

(6626) 6.2

4.2._

(5152) 1.

(51s2) 2.

(5152) 3.1.1

(5152) 3.1.2
(5152) 3.1.3
(5152) 3.2
(5152) 3.2.1

(5132) 3.2.2

(5152) _.1.1

(5152) _.1.5

(5152) _.2

Rocket engine inspections and tests

Rocket engine tests

Rocket engine inspection after test

Component inspection and tests

PREPAtb_TION FOR DELIVERY

NOTES

Intended use

Definitions and symbols

Acceptance tests

SCOPE

APPLICABLE DOCUNENTS

REQUIRDflEqTS

Contractor's instructions, specifications and drawings

Specifications

Component calibrati on

Avai 1abi 1 i ty

Acceptance-test data

General

Log

QUALITY ASSL_NCE PROVISIONS

General

Test apparatus and procedures

Test temperatures

Acceptance tests

)
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(5_52) 4.2.1

(5_2) _.2.3

(5_52) _.2.6

(:;_92) 6.

(5_5_) 6._

5.1

5.2

6.

6.1

6.2

6.2.1

6.9-.2

6.3

6.'t

Rocket engine inspection before Acceptance tests

Rocket engine tests

Eocket eugine and component tests - Schedule "B"

Acceptance conditions

_ucket engine inspection after tests

Rejection and retest

PR}P.-UtATION FOR DELINrERY

NOTES

S_bols and definitions

PRHLLFIATION FOR DELIArEI_

Application

Storage, shipment, and delivery

NOTES

Intended use

_bols and definitions

Definitions

S}_bols

Rocket engine-_ockup procedure

Design and installation criteria

)
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!:_ _ A C_,WS,ON O_" NOm_X AM£_,CAN AV,AT,ON.,NC.

QUALITY CONTROL OPERATING PROCEDURE

Dept and Ptant: ._4, 654, 657, 959 AND 954

TITLE: P_PAP_TICN _2_D USE OF Th_ ROCKET ENG_E LOG BOOK

\

Procedure: R-1.29

Page 1 of 17 Pages

Date: 26 OCT +1960

+pp.@a,x:7

I

APPLICATION

The Rocket Eagine Log Book is prepared by the Engine Clearance Group for

the purpose of disseminating pertinent information relative to engine com-

fSgurstion and Ferfo_nce for submittal to the customer. This procedure

_il! act as a guide for inspection personnel in the use of engine log books

aF_!ic_hle tc rocket engines manufactured, tested and shipped by Rocketdyne

C_oga, Van NuD-s and Neosho.

i. The Rocket Engine Log Book shall be divided into four sections. The

first Fage beneath tnc Log Book cover kill be the "D_GINE ID_TIFI-

CATIC'+;." (See Figure I)

The second page _.!I be the "FORE;._RD" page. (See Figure II)

The third page _i!I be the "ABBRE%Z}TiO:¢ LIST OF RcCKETDYNE TEllS"

SDCTION I

I.I Engine Time Log Seciion Divlder,

I.].] Engine Time Log Form. (See Figure IV for sample).

SECTION II

1.2 Accept_ce Test Log Section Divider.

1.2.1 Engine Data Log Form (See Figure V for sample),

1.2.2 Thrust Vector _mgular _!igrL_ent D@termination Form

(See Figure %q for sample),

!,2.3 Moment of Inertia Form (See Figure VII for sample),

1.2.b Engine Weighing Form (See Figure VIII and Villa for sample),

1.2.5 Acceptance Test Log Instruction Sheet (See Figure IX for

sample).

1.2.6 Acceptance Test Log Form (See Figure X for sample),

@

Supersedee R-1.29 dated 9 Sept+_ber 1957.

R-372qP \ ....

VOR_ R _,lh_Z- 't (_a_lD)

General l_-_l_lom,
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_:_<?IONIII

1.3 Orifice Sizes Section Divider

1.3.! Orifice Size Form (See Figure XI for sar@le)e

SECTIONIV

1,4 Engine Historical Records Section Divider

1.4o! ComponentReplscementRecord FormAFTO-2B

!.L.2 C_<st_nding/DelayedM_intenance R_cordForm AFTO-2D

Component}Listcrical Record Form AFqD-2E

-u_o a_nd5952°-2 shall be used in lieu of above

fozv._s, paragraphs !.4.i through 1.4°4 for R & D engines,

e
_=,_o_T E_ST_JCTIONS

The foilo%_ng r_es pertain to the accLmulaticn, compiling and trans-

mittal of data _nd the assembly ofthe log book.

2°] Certain uortions of the acceptance log shall be reproducible.

All other entr_es shall be nan-reproducible. See the specific

Engineering Process Specification for detail instructions,

2.!.1 All entries made in the Rocket Engine Log Book shall be

_Titten in L_k _nd/or tl}_d in black for permanent

record.

2.].2 lras_n'es Ln the Rocket _gine Log Book are strictly pro-

hibited. Errors shall be corrected by retyping the page

_volved.

2.1.3 Entries such as rework, kit _,,o"_**'_*_-_0-s, " removals*

m_ss_"'" m._"...._.ug, additional static testing tize_ and

t.= customer or P_cketdynecustody shall be made by __

Field S_'_ice p_r_'omnel.

2.].4 If for any reason an engine is ret_ned for modification

_nd/or r_2a_-s, _be P_cket Lngine Log _ook must accompany

the en_i:_. L_gLue modificatlcn _nd/or repair entries

shall be made by Rocketdyne personnel,

2.] .5 The abbreviations "_K" and "E_A" shall be Inserteg in

blank spaces for w_Ach information is Unknown or Deem

Not _pply, Do not leave the space blank,

@-2 R-3729P
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TITLE:

Date:

A DIVIS_O,N_ OF hOA'fH Ah,_[AI(_AN _,VIA71ON. |N_.

PREPARATION ]/_D USE OF TP_ ROCKET ENGINE Procedure:
LOG BOOK

26 OCT 1960

R-1.29

3. ASSemBLING TF_ ROCk_f ENGINE LOG BOOK

o

R-3729P

3ol Engine Log Book Identification Form

The Engine Log Book Identification Form (See Figure I for

sample),

3.2 Identifies the engine concerned by model number and serial

nmuber.

3.3 (_atiines the format of the Rocket Engine Log Book.

THE FOLL_AING PP_CEUJRZ SPECIFIES HCY THE E_G_IE LOG BOOK ID_TIFI-

CATION FOF._ SF_LL BE COMPLETED. SEE APPLICABLE PROCESS SPBCIFICATIONS

_R SPECIFIC INFO_iATION.

4.1 Manufacture of Engine: Enter "ROCYS_TD!_E, A DIVISION OF NORTH
_/.iEb_C321 AVIATION"

4.2 Model: Enter the customer's designated model identification

number in the space provided at the upper left hand corner of

the form.

4.3 Serial No.: Enter the applicable engine serial number in the

appropriate spaces at the upper left hand ccrner and lower

right hand corner of the form.

4.4 Model No.: Enter Rocketdyne's model ccn_gu_ation number in

the appropriate space at the lower right hand corner of the

form,

4.5 Contract Number: Enter the complete customer assigned con-

tract number in the space provided at the upper left hand

corner of the form.

4.6 Foreword: Foreword form (See Figure !I for sample) shall be

included in the Rocket Engine Log Book,

h.7 Abbreviation List: The Rocket Engine Log Book shall contain

abbreviation list of Rocketd_me terms (See Figure III for

sample),

4,8 Section I

En_Sne Time Log: Engine time log form (See Figure IV for

_-_ple) shall be included in the log book for the customer's

use. Enter the complete customer's designated model identifi-

cation number and serial number in the spaces provided at the top
of the form. No other entries shall be made on this page a_

Rocketdyne.

4.8.] A time log form shall be provided for individual enginem

within a propulsion system, i.e., booster, sustainer or

vernier, C-3
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A "_;V_S_O'_ OF" I_OR'T'H Af_ERICAN AVIATION. INC.

P?&-TAPJ.TiC'_ A%D USE OF T_7£ RC_ E_G_E Procedure:

LOG BOOK

26 OCT 1960

4.9 Section II

Acc<rtence Test Lo_: (See Figure X for s_nple) This log shall

contain the record--_of the Engine Post Acceptance electro-

mechanical check out and conditioning by specification n_ber;

revision date, location, and organization,

T_e in the space beneath the word "Supplier" the acceptance

st_np m_uber of the responsible ?_cketdyne Quality Control

representative monitoring the engine processing using type-

writer csrh_n orange backing for reproduction purposes. In

the space beneath the word "Oovermment" - enter name of

gcverr_ent inspector or rcsponsib!e representative monitoring

each engine process.

4.I0 Section Ill

C_'_- Size..... e s: The orifice size form (So6 Fig_Te XI for sample)

shall be included in the Rocket Engine Log Book for the customer

use. No other entries will be made by Rccketd_rne on this page,

4.]1 Section IV

_ncJne Histcric_! Records: The followir_ forms make the com-

pleLe engine historical record section of the Log Book,

4.11.] Come-Chant Replacement Record: The component repl_cemen%
'-_ Fo_. 2Brecord fo_ s :_=O and shall be filled in accord-

ing to the rosuirements of -L-R-76_h, ET/_ibit 57-16 and

T.O. OO-20E-].

4.11_20utstsndSnr/_-_la)'ed Maintenance Record: The outstanding/

delayed maintenance record form is A_TO Form 2D and

shall be filled in accord/rag to the requirements of

MIL-R-765h, E;_ibit 57-16 _ad T.O. O0-2OE-I.

4.11._ Comcsuezt Historical P2cord: The component historical

recora is _270 _orm 2E _nd sh_l! be filled in according

to the requirements of _CL-R-7634, E_ibit 57-16 and

T.O. O0-20E-I.

4.11.4 The DD829 5!storical Record for Aeronautical Equipment_

and DD_29-2 Historical Record Zata, shall be complete_

in acccrd_mce _ith the requirements of lr_-L-R-7634 aug

T.O. OO-2OA-1.

4.11.4.1 As specific military requirements have not

been released for the a_ministration of techni-

cs! _nd historical records for ORD and NASA

rocket engines; the requirements stlp_late_ _-

MIL-P_7634 and T.C. OO-2_&-I will gover_ th_

preparation of DD_29 forms for these units.

R-3729P

)

)



!
F

T
i

d

.

T
i

w

t

TITLE:

Date:

R-3729P

A D_'-_ON O F- NORTM AMERICAN AVIATION• IN_...

PP_?AP&TION AND USE OF T.hT,F_CT'J_TENGINE Procedure: R-I.29
LOG -BOOK

26 OCT 1960

h.ll.5 Records for rocket engines de]ivered t0 the Department

of Navy shall be completed in accordance with instruc-

tions conta5med in government furnished log books and

applicable contract,

5. DETAIL D_STRUCTIO'_S FOR INDIVIDUAL CONTraCTS

Detail instructions and information to be entered in the accompanying

Rocket Engine Log Book is covered in one of the fo!lo_ing Rocketdyne
Engineering Process Specifications.

5.! Atlas Sustainer ()_.,RIO5_A-5) (See Process Specification
RA O298-001. )

5.1.1 Atlas Booster (vI_R-89-NA-5) (See Process Specification

RA 0298-003. )

5.].2 Saturn Booster (H-l) (See Process Specification

RA 0298-002,)

c-.5
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I FIGURE I.

THRUST VECTOR ANGULAR ALIGNUENT DETERMINATION

THRUST CHALIBER PART NO. SIN
ENGINE._ _ SIN .......

_°

I'
II

R-372_)}' ;

"X'_t

READING NO.

I

2

3

• 4

! 6

7

8

9

ASSEMBLY

SIN
"r -'r-'-_ ,r--r -_I--

DISTANCE _ETY,'EEN I;'SIDE SURFACES OF DISKS AT ENDS OF TURI4BUCKLE$

pl TC..H STRUT ..... YAW STRUT

,o I

I
: AD,') _ i

";_AVERACE i

STRUT L_-I.:GT.I

IqCHES

4 504 _k'CHES

INCHES

IIJCI::-_-S

,.-- ......4. 5134 ,, ]CH,".S

INCHES

OVERALL t lLE;.'GTH INCHES

_A B_ THRUST CHAMBER
YAW ..

ST____r_..___ .._ , ___ ASSE:.:3LY IS INS'rAt.LEDFROf,I THIS SIDE OF

ALIGh;MFNT FIXTURE
8;P_-'C• .....

_:D. , y PITCH STRUT

II',_CP,E.CTOR STAM P DATE

VIEW OF QUADRANTS AND STRUTS FROM TOP OF FIXTURE

_M.._._,.31.C., WERE T_.KEN BY RJTt.T:NG THE "SPIDER" V,'ITHIhl Tile TH;;UST CHAMBER IN
_.gf,;=OXIl.ta, TELY*ta ° II;CP, E:.:FKT:; AND ADJUSTI=_G "_HE STRUT LENGTHS TO LINE UP
F.Z_LECTED C,;OSc-.;iiA_RS WITH EYEPIECE CRO3S_AIRSi I.E., TO MAKE "',;PIDER '=

CE};T_UI4E PAhALLEL TO OPTICAL CENTERLINE.

N EACIt AVERAGE STRUT LEKGTH IN TIIE DISTANCE FROM TIIE CENTER OF THE PiN IN THE

OUT_ICCER AI',:J TO ThE PL_iJE OF TIE GIt_Dt.L EEARING TO MAKE TIlE AVERAGE 6EOkIETRICAL
CEtITERLI_E OF TItE CHAIIDER ASSEMOLY PERPENDICULAH TO THE PL,kKE OF THE GIMBAL

C-11
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WEIGHING FORM

DATF '"_'_,_.IGHED ,L:ODEI. SERIAL-NO._-- .

PI.AC _ '':-",._ .IGHED

CELl. Ij) ATIOH CELt SCALE
READING

FWD _FT -
.... t

FWD RIGHT

r_Yo C_ZNI'ER

Su b t ctGlfwd

AFT LEFT

AFT R GHT

V,'EIGHE D BY INSPECTOR.

• ICELL NET ARM MONENTTARE ERROR WEIGHT

AFT C[3qTER

Subtotalart X

TOTAL csrvaighed • , ;_IIIII_

I,I,EASUREI4ENTS & COMPUTATION OF CENTER OF GRAVITY

A Inch¢=.thQdt_lcnce fforn refQrenco datum to torw(_rd jig point,

C incho_.lhodl_tanca frorn refcr_nco da:um to oft Jig polnl,

B lnche=,lh_dielanco to oft jig poinl let_ dictance to twd Jl0 point,

C.G.• A-I-_, FT_ V:'E!GHT)_(B___)). , Inche=
TOTAL WEIGHT

I SIHGLE THRUST CHAN_3ER HULTIPLE THRUST

=b' , 4 = ..... •

CHANGER

OiQqram_ tor moa_urlng various typoQ ot onoinoo to dolormi%_i_rm,'
of _uo_ort points.



DESCi:!PTION

,

NET WEIGHT

7L_"(P_L OF ITE!4S WEIGHED BUT NOT

.... ?,__,!_.f OF BASIC \','EIGHT( :o,[! below)

IT IN

oi.II bolow)
TOTAL OF BASIC ITEMS N

:.,..GIN_ t','ttEH WE1GHED(c

T'_ " ¢" I ,'_:,..._,,., E;!GINE WEIGHT

R-I.29

Page 1_ of 17

ARM _oMENT

COLUMN I

,'r','/ ,:r_t _L_ L'EIGI_T

, , . ' ]

TO'f LI,.

MOPERT

'I

C )LUMN II

s_: " II !B,-._IC I"i E,.,S kOT .,,c,,,-u',-I ,,_,,.I
C'_ WEIGHED Eh'G, _,,..,,an.j

t
_ r_-

t
i

r

1

MOI4ENT

TOTAL j

i: ': i,_,"_'" S'

0-1!i

WI; NESSED BY,

R,-3729P
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PROCESS

I.

FORM (SOEI.It (LE:DGER

APPENDIX ])

SPEC IFICATION





PROC;.SS SPECIFiCATIOM

ORIG DATE

Au_-ust 2, 1961.
_rV DATE

T
I

A

w

W

i.i Scope: This spcciflcatlon covers the preparation and operation of pre-

liminary "strike" solutions and copper plating bath for plating of mater-

ials detailed below: '

1.2 Limitations: Three procedures for copper plating are described herein.

Usage of each shall be as follows:

1.2.1 Procedures detailed in Table I shall be for all ferrous alloys

(stainless excluded) and all copper and copper alloys.

1.2.2 Procedures detailed in Table !I shall be used on the AISI bOO series

corrosion resist_nt steels including, but not limited to;

QQ-S-763 Class hlO AISI t_lO
" " " " _,16 " b,16
" " " " 431 " b3l

_,_ 5628 " .._3z

QQ-S-763 Class hhO " hhOC

1.2.3 Frocedures detailed in Table III shall be used on the 3OO series stain-

less steels, Inconel, Inconel X and Inco 718.

1.2.2 ProceSures detailed in Table IV shall be used for stripping copper plate

(when required) from the above materials.

2. APFLIC#$_ !,_.[[__RT_ALSA_ SPECIFICATIONS:

2.1 Materials: Cop_-er C_nide (Technical Grade, 70-71 percent copper)

Potassium Cyanide (Technical Grade, 92-96 percent Granular)

Hydrochloric Acid (Technical Grade)

Nickel Chloride (Technical Grade)

Potassium Carbonate (Federal Specification O-P-552)

Chroxlc Acid (Tederal Specification O-C-303)

Sulfuric Acid (Federal Specification 0-S-801)

Potassium Hydroxide (Technical Grade)

Enthone 'Enstrip S" or equivalent

DuPczt "Coppralyte" Addition Agent 1085 or equivalent

Ws_ndctte F.S; Steel Cleaner or equivalent

"OF_C" (Oxygen-free high conductivity) copper anodes

equivalent

R-3729P D-I
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R____og-.oo8
C.klG D,.A,'P __

.r.,,.:_st 2, 1961
p R,BI/I:_TI

o::: ........... o

)?J2iO-lOl Bricht Dip, Copper and Cop_r AiIoy_

::_l-l_ Vapor _greaslng

Prevention and EllminP-tlon cf Ey_L-egen Embrlttlememt

in Steel

Safety in Hnndling and Use of Chc_mica]_

Cleaner, Non-Foe._ing, Non-Silicated, _[!id _e

., _.0_ :.0- O-g5 Mild Al_m_line Cleaner

_'-_-'" C"_,C-_s3.1 ........... :_z:_dous ........ e:_!oyed in this process shall be handled I_

acc_zd_uce wi%h iG_ Specification PET-2 _nd instz_aetio'._ from the Safety

Dci,_-_zent.

4. ;£!:.iL R_[FfS_2_2_TB:

Froced_,_es shall be per Table I, !I or III, subject to the limitations

as U_blished in para_ph 1.2.

5. Q_%I,ITY CO_OL:

5.2.1

5.1 Condition: Plated co;;er shall be smooth, a_herent, uniform in appearance,

free from pin holes, blisters, nodules, pits or other defects. Slig_t

staining or discoloration will not be cause for rejcctlon.

5.2 _ _nic._z.ess: Except as specified be!_¢, p!at_.Z thickness shall be

as called ou_ on the dza_ing:

_.2:cre "Copper Flash" is s_ecified, _n_c_ ..... s ..... b_ a_pron_te!y

0. OC_Ol inch.

5.2.2 C_oTcr p!atLnt_ applied for cs_buriz'_n_ stop-off shall be at _east

0.0002 inch _ck.

5.3

L'CY£: On parts with recessed areas, it may be necess._J " to plate t_ to

0.001 inch on s_ae areas in order to ti_zcowthe require_ thlek_e88

into the recesses.

Tnic_ess Deter_._nation: I_terminatlon of plating thickness @ha2_ be

el%her on the par_s, or on _eparate test speci_n_ represent_e _f the

p__a-%sand plated si_al_u_c'_!Y with them. Cue of th_ follc_ __

s_ll be use_

5.3.1 Using accurate mlcr_eter, determine thickness of a siren locatiom _m I_

p_% or test .... _-_ _ and ef_er n]_*_t!:_-_

o

..)

)



PZOC_3S SPECIFICATION

_EC

ORIG DATE

August 2, 1961

J

I

5.3.2 U_e a ze,gnetlc gage method approved by Production Development Laboratory

for checking platc_ parts.

5._ Adhesion: Plated metal s_hallbe firmly and contlnously bonded to the base

r.ete_ as determined by either of the following methods:

5.h.l

5.4.2

Parts, or panels plated concurrently with the parts: shall be capable

of _,ithstanding a shear or chisel test, so conducted as to indicate

quality of bond. Copper shall shear a_ay, with no separation of

plating and base metal.

Adhesion s__m_!lbe determined by bend test either of parts, or panels

pLzted concurrently with parts. The part or test panel shall be bent
repeatedly through an ar_g!e of 180 degrees on a dis_ueter equal to the

base metal thic_n:ess. Foilo_'ing fracture of the base metal, it shall

not be possible to detach any appreciable non-adherent area of the

plating with a sharp instrument.

6. STRIPPING:

6.1 Stripping of copper when required, from ferrous alloysj copper; copper

alloys, series 300 and LO0 series stainless shall be acco___plishedby the

procedure in Table IV.

- R-3729P , .. D-3 _
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R0 CKETDYNE

A Division of NAA, Inc.

Ins trumentation Manual

Instruction No. 5_15

P}20DUCTION DEVELOPSIENT LM30RATOHY INSTII[_AF_NTATION INSTRUCTION Page I of 3

Calibraiion for Hewlett Packard, blodel 41qA D.C. VTVM Issued: 5/11/61

It is the purpose of this instruction to assure that the subject Vacuum Tube Volt-

meters are accurate to within manufacturer's specifications.

DESCNIPTION

The Model !Jl?A V1%%! is a multipurpose instrument designed to measure DC voltage,

current, and resistance over a wide range of values. Accuracies of these measure-
merits are listed below.

RANGES ACCURACIES

Voltmeter .001 to 1000 volts

Ammeter .000001 to 1.0 amperes
Ohmmeter O.1 to 0.2 ohms

0.2 to 500 megohms

500 megohms to 5000 megohms

1.0_ of full scale

+ 2.0_ of full scale

+- 10_ of reading

-+ 5_ of reading

+- i0_ of reading

In addition _o these measurements, _he tiP 412A provides a DC amplifier output for

use with a recorder. This output is one volt at full scale reading, and is pro-

portional to he input for all other values.

E 0U lP.XfENT N]_EDED

1. Abso]ute DC Power Supply, 10 volt to 1000 volt range accuracy -+0.2_.

2. John Fluke, Model 801. Potentiometric voltmeter; or equivalent.

5. Decade resistors, 0.1 ohms to 1 megohm range, accuracy +1.0_.

h. Precision resistors, range 0.1 through 5000 megohms, accuracy ±1.0_.

5- Variable DC supply capable of supplying 0.1 millivolts to 10 volts,

at one ampere.
6. Variable transformer, General Radio variac or equivalent.

Pt_VENTI VE MAINTENANCE

Periodic prevent, ire maintenance is not required of this unit.

CA]_IBFL_TION PROCFA)URE

A. General Requirements

1. Electrical power to the test unit must have been on for at least 15

minu_es prior to calibration tests.

B. Specific Requirements

1. Connect the VTVM to the variable transformer and adjust for 115_¢. Turn the

power switch on.

R-3729P E-1



CAI,IBRATIONPROCED_tES (Continued)

Instrumentation Manual

Instruction No. 5h15

Page 2 of 3

Issued: 5/11/61

2. Set the FUNCTION selector to VOLTS AND POLARITY switch to + (Plus).

3. Connect tile VTVbi and tile dohn Fluke to the variable DC Bupply.

_. Set the _NGE switch to the 0.001 volt range.

5. Adjust tile DC supply for a 0.1 millivolt reading on the VTWI.

6. Adjust tlle John Fluke for a null and take a reading. Reverse the DC

input and VTX_ polarity switch and note any difference in reading.

7. Repeat this procedure at one-tenth or one-third of full scale increments,

for all ranges, through the 10 volt range.

8. Disconnect the variable DC supply and the John Fluke, and connect the VTVId

to tile absolute DC power supply.

9. 'Check tile VTVM readings against the absolute DC power supply dial set

through tile 1000 V scale, following the procedure listed in step 7.

10. All readings taken must be within the accuracies listed on page one.

11. Disconnect the absolute power supply.

12: Set the _37NCTION selector to 5I.X amt POI_III]'Y switch to + (plus).

13. Connect the variable DC supply, a decade ,'esis_oor and the VTVM in series,

and connect the John Fluke across the DC supply.

lb. Adjust tile variable supply for II.1 volt. amt set the decade resistor for

one megohm. VT\bt should read O. I microamp. Ih, v,rse the polarity of the

VTVP[ and I)C source and note ar_y difference in reading.

NOTE: DO NOT EXCEED rile MAXI_II;_I C[_tltENT IbVrlN(; FOR THE DECADE
ttESISTANCE USED.

15. Adjust the variable supply and decade resistor for current readings of
one-tenth or one-third of full scale increments for all scales.

16. All readings taken must be within the accuracies listed on page one.

17. Set the FUNCTION selector to OHMS.

18. Measure the precision resistors with the VTVM. All VTVI_ readings must

be within tlte accuracies listed on page one.

19. Set the FUNCTION switch to VOLTS, and the RANGE switch to the one volt

range.

B-2 It-3729
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CAI.IBIL_TIO.N PROCEDURES (Continued)

20.

Instrumentation Manual

Instruction No. 5_15

Page 3 of 3

Issued: 5/11/61

Connect the variable DC source to the VTI_I and adjust for a full scale

read ing.

21. Connect the John Fluke to the OUTPUT terminals and measure the output.

Amplifier output must be one volt within +13 .

22. Adjust the variable DC supply to various scale points. Output readings

must proportional to scale readings.

In the event the unit does not meet the requirements of this instruction, refer

to the operating and servicing manual for necessa_" adjustments and repairs.

I

i
]

I

WSC

RJS:DLB:sr

R. J. Schultz

Metrolo_' Standards Unit

D. L. Bott - Supervisor
Metrology Standards Unit

Production Development Laboratory
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£2J,,LIIYCONTROL OPE,%ATING PROCEDURE

D_.::_.,._ndPlan;: _;SPFSCTIO:t D_PRT_._,_VTS ALL ROCKETD'L-NEPLANTS

'_iTLE..$Y[_,_ CATALOG

Procedure. 1_.-2,3 _1.

Poge _. of _ Pogel

Date: 12 JAN 1960

The correct use of st_.2s to indicate inspection status of a product is the

_c_o_ibilit:_ of Quc!ity Control Supervision and the individual inspectors,

Yr_;incc_d_ D_'a'_ingsor Process Specification FA 606-2 shall dictate when a

p_t is to b_ metal ___pression stamped.

It _i!! be noted that Neosho and McGregor inspection st_mps will have a letter

d_signation to prefix the stamp number. Neosho stamps will be identified by
the letter "A" to prefix the stamp n_ber. McGregor st_ps will be identified

by the letter "S" to prefix the stamp number.

The foll_Lug faos!niles of the types of stamps are presented for general

_n_for,_tion and guidance:

l, ACC EPT_-NCE STAMPS

I.! Used to indicate dimensional and functional

inspection on products that cannot be steel
st&roped. Plastic, sizes 7/16" and i" x I".

Fig. I.

• t

1.2 Used on parts &nd paperi:ork to indicate di-

mensional and functional inspection. Plastic,
size l/h". Steel, sizes 1/8" and 1/4 ".

Plg. 2.

NAR

I NSP Fig.

IO0

!.3 U_cd by Rec_iv__ng Inspection exclusively, for

st_ping ra_ stock, purc_hased products, re-

ceiv__ng repoz_s, pack_ng sheets, etc. Flastlc_

sizes 1/2" and l". Steel, sizes i/_" and I/8 _

Di_et_ro Fig. _,

i I I I i i I I I I II I I I I I I I'I I I I I I Ill Ill IllI II I I| Ill I

*Supersedes R-2.3.1 dated 16 Oct. _93,

R-3729P
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• O_V_*O_ OV NORTH A_K_IEAN AMIATION. INP

Procedure: R-2.3,_

1.3.1 All P_ceiving Imospection Acceptance st&_ps

indicate that the rroduct so stamped complies

with the requireza"ts of applicable dra_-ings

or s_ecifications _nd has been f_mctionally

tested if required. Processes performed

be identified by the applicable stamps i.e.

X-ray, H.T., !I.T.A., Mag., 'J!tra., bud Penetrant.

i.4 The PHI s3_bol identifies parts or assemblies
to be used by Research _ud Development. The

PHI stamp will be aff_xed to parts or assem-
blies after inspection. __ig. 4,

i.5 The rectanc_lar acceo÷_-nce stamp is used by

Inspection Super¢ision only. The stamp is
applied by placing Lhe rectangle over the

PIqI st_mp in_catLng the part is acceptable

for production use. T_e nit-bet on the stamp
identifies the individual to wbmm it is

issued, Fig, 5.

XX

1.6 Used to indicate parts have been water wash-

able P_uorescent Fenetr_.nt imspected and

identify certified ope._tor. Steel, sizes

1/8" and 1/4" Di_v2ter. Plastic, size 1/4"
Diameter. Fig. 6.

Fig. 6

1.7 Used to indicate p-_ts h_ve been Post K_ulsified /r N _k

Fluorescent Penetr_ntinspected _nd identify the

certified operator. Steel, sizes 1/8" &nd 1/4"

Diameter. Plastic, size 1/4" Diam_eter. Fig. 7.

Fig. ?

1.8 Used to indicate parts have been Dye Penetrant

inspected (Kits) and identify the cer_ufied

operator. Steel, sizes 1/8" and 1/4" Dim_ter.

Plastic, size I/4" Diameter. Fig. 8.

R-3729P
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TITLE: STA_-LPCATAI_

Oote: 12 JAN IF60

_"-.VY, C_:: _ ...-L:_TT_:.':C_'_ ..... :-'T...:

A E)IVI._+O_. OP" NORTH AMERIC_.N AVIATiI_IM, IN_.

Procedure:. R.2o3+1..

1.9 Used to indicate parts have been Non-

Liquid Crab-sen(LOX) Sensitive Penetr_nt

inspected _d identify the certified

operator. Steel, sizes 1/8" and 1/4"

Diazeter. Plastic, 1/4" Diameter.

Fig. 9.

I.I0 Used on connectors and tags attached to

electrical _ssanb!ies to indicate accept-

_nce of soldering. Fig. I0.

l.ll Used on connectors and tags attached to
electrical assemblies to indicate conti-

nuity acceptance. Fig. 11.

1.12 Used to indicate the _e!d _as acccmpliahed

_" a certified _eldor who is identifiedby

the number on the stamp. Fig. 12.

1.13 Used to indicate that a seam weld or a

spot weld has been accomplished. .Wig. 12A.

2. MAT_--_IALSpl%r/_ STI4_PS

2.1 The _t_olding "_" stazp on parts and
paper_:ork indicP,tes items vary from

dr_.:_ngs or _T_cificati_s and require

Materials F_vic_ action. Staups are
issued tc Materials Review: Board members

and Inspection Leadmen. Steel, sizes

I/h" x 5/16" and 1/8" x 3/16". Flastlo,
size 1/2" x 5/8". Fig. 13.

2.1.1 The "D" stamp is not to be used when

p-_a+tsmay be remarked to meet original

Engineering requirements, reworked or

accepted per a Start_dardRepair_

being returned to the suppli_re

+

R-3729P
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Fig. I0

Fig. 11

Fig. 12

Fig. 12A
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2.2

2.3

E-3729P

2.1,2 Discrepant _u_ha_ed items_l!be

"D" stamped, tri_Igle st&_,ped, only

after a deci_ion has been made to

accept them.

l_teria!s Revie_ acceptance stamp is used to

indicate accept_ce of a specific discropancy.

For st_p_ng parts _nd papem_ork and is _pplied

by interlocking the "D" stamp. This staz_ is

issued only to Inspection Supervision and 1.[_-
t_ri__!s P.cvi_'cBoard He_ers on approval from

the :.:ateri'_!sP.evie_ office. Stee!_ sizes

]_/32" x _]/]6,, _ 5/32" x _!/_,. n.a_io,
sizes 5/8" x 11/16" and 5/16" x 11132%
Fig. lb.

Materials Review rejection stm=p for app1_i-

cation on __ny scrapped item _.nda_plicab!e

pap_rvork. Issued only to Inspection Super-
vision and Materials Review Board Me_.bers

on approval from the Materi_=Is F_vie_ Office.
Steel end Plastic, sizes I/2" x 5/8" and

1/h',x _/16,,.rig. 1_.

2.3.1 The "R" stamp is applied on vithheld

item= and identifies then as being

irrepareb!e and _nfit for production
use. The "R" s%anp _y be used on de-

tail parts returning tc suppliers u_der
the following conditions:

2.3.1.1 _._en p-crts are Of P_cketdj_..ew._e_dgn.

2.3.1.2 _en parts have discrepancies that

the supplier's responsibility and are

not acceptable as is.

2.3.1.3 _,_en re_-ork of

plier, to meet

is impossible.

the p-_z_s, by the sup-

original requd_-er__mts

2.3.1.4 _._en re_ork of _rts, by the supplier)
to any other con_±gu_-ation, by any

method, will not be acceptable

_oc_.

2.3.1.5 }_en removal of stez_ by Mat=_ri_l$

P_view, if necessary, _!R.% be pos-

cible _ithout destroying th_ _-
f_%ness of the par_

Fig. 14

D

/
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TITLE:

Date:

A OIVI$'ON OT NORTH AMc'RIC.A,N AVIA'IrlON. INP...

Procedure: R-2,3,1

3o

3,1 X-ray sta_p used by X-ray Laboratory Tech-

nicians on parts that have been radiographic

inspected. Steel and Plastic. Fig. 16,

3.2 X-ray reject stamp used by X-ray Laboratory
Tec_mic!ans on items that have failed P_dio-

gra_b_c Inspection and are not remarkable.
Steel and Flastic. Fig. 17.

Fig. 16

_. 17

4, TV_ST ST_

4.1 Used by all Inspection _ections on sheet

metal parts .032 gau6e and under to in-
dicate the item has been heat treat in-

spected. Steel and Plastic. Fig. 1B,

4.2 Used on parts tc indicate they have
been he_t treat inspected. Steel and
Plastic. Fig. 19,

4.3 Indicates heat treat _ging process has

been accomplished on 75S material of

large size. Flastic, Fig. 20,

4.4 Indicates heat treat age on stall 75S

parts _nd materials. Used also on appli-

cable pape.rwork. Steel and Pl_stic.

Fig, 21,

HT ng. 
R

2O

Fig. 19

[H T A Fig. 20

• :r

__ t_.g. 21

/

4.5 Used by Production D_velopzent Laboratory

personnel to imdicate that an operation

has been performed or a test has beam

passed. Steel and Plastic, for stampimg

parts and paperwork, Fig, 22e

R-3729P

• / "/_ - ?
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h.6 Pressure test stamp indicates item has

b_en satisfactorily pressure tested to

_,_zing or _pecification requirements,

Applied to parts and paperwork. Fig. 23,

Fig. 23

4.7 PrelinSnary ma_netic inspection stm_mpin-

dicates accomplish2ent of progressive mag-

nsi_ituxoperation as required by Planning

Ticket. Do not confus_ _ith fLnal magna-

___x acceptance st_-p_ paragraph 4,8.

i
, i

4.8 _!agnetic inspection accep -tance stamp in-

dicates that products and paperwork so

st_ped have been m_gnaC!uxed inspected.
The stamp n_&_ber i_entifies the certified

operator. Steel and Plastic. Fig. 25,

4,9 Identifies the _ke and pm_der method of

magnetic pa_ticle inspection, The stam.p
nunber identifies the certified operator.

Plastic 3/8" Diareter, Fig. 26.

Fig. 26

t )1

5. I]_K[ATICN /_D iDF.,'TIFICATI_ ST_4P'S

5.3. Supplier ultrasonic insect!on st_cp in-

dicates ultrasonic indirection has b_en

p_rforzed in aceord2nce _ith CD-3211.
The number identIDics the so_cce.

S_el and Flastic. Fig, 27e

5.2 Rocketdyae (Canoga) s_p.plier or sub-

contractor identification stamp, Th_

number identifies the supplier, Steel

and Plastic. Fig. 28.

F-6

S Fig. 27

Fig. 28

R-5729P
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F TITLE:

Date:

A DIVIt,_ON O/r NOl_'l'Id AMERICAN AVIATION. INr=_

Procedure: R-2._._

5.3 Steel parts that have been hardness tested

after heat treat by a suppller and meets

dra_ng requirements, will be identified

with this st_mp. The number identifies the

source. Steel and Plastic. Fig. 29.

Fig. 29

5.4 Aluminum parts that have been hardness

tested after solution heat treat by a

supplier and meets drying requirementsj

_-lll be identified with this sta_o

Steel and Plastic. Fig. 29e

5.5 _lu_inum parts that have been hardness

tested after precipitation hardening

(aging) by a supplier and meets drawing

requirements, will be identified with

this star@. Steel and Plastic. Fig. 30.

5,6 Alturdn_ alloys which do not require pre-

cipitaticn hardening (aging) 2024 (24S),
2017 (17S), and have been hardness ten-ted

after rocm tezperature aging and meet draw-

ing requirements, will be identified with

this supplier s_p. Steel and Plastic.

Fig. 31.

r

Fig. 30

Fig. 3l

5.7 Rocketdyne (Neosho) supplier stamps will

have sn "R" at the top of the s*tamp and an
"A" prefix to the number. Steel and Plsstic.

Fig. 32.

Fig. 32

5.8 This sts_p is used by production leadmen.

The number on right identifies the employee.

The number on the left indicates the depart-

ment. _. JJ.

5.9 Dept. of Defense Stamp used by the customer.

_._

R-3729P
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_i0 7:J.u _:s.,p Ludicates _hat the applicable

p:. _ c:"a_s:;:bly h_s b_en balanced iu

_cco_d:::ce ",,__thdrm_-Lng or specification

Fig. 35

5 o:I U_:d by p:'o::uctioni::s:f_ctionto indicate

_:_ _e!ieve AppLied on p:rts and paper

_:_::k. Fig° 36.

5.12

ii,:

i<:?+::
ti?.+,:+T.:

T_,As +i+'": indicates p:rt has been

etched° App1_!od on part _nd paper

%-ork. Fig. 37.

STRESS RELIEVED

- P'_. 36

]ETCH

DATE

5.13

5.]4

NOTE:

• F-8., :,.--

This st_._p indicates the part has b_d

a b_--_ng process perfcrT:d mud is applied

to paper ::ork. Fig. 38.

The 0:,:._ga Syzbo:lJ. identifies F-I parts

.............."-_caic_c_ to be u_ed bE:.._ '.+-_+ ,.'w+! .,, .J.

:".+'::+::_. b? aff:!.:.:sdto co:,:_oner_s

:_t'...... ::t:.:c:l:/ <:_"::::tSc::::d
...... ,........ j --. -

...... _'+ ":'" _+pt. 596 _So_so Fig, 39_

[_At I_-"_,,c.DATE

g--!

rig. 39

D:__ -"<_"'_ identifioation _ff_tlbe imdl-

cat- d " .+ :.+:':?fo_Y.s. ::z::..: -'..:,::'."letters ',:::,i.._.h
are incorporated into th2 s_ta_-pdesi_

A - Auto.ethos

H - Co!u_i:_

R - Rocke%_e

N - ktor_Ics International (er_ept in,._T_tio_

acceptance and materials revic_ _-s)
R-5729P

?
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R-3729P

TITLE:

Date:

@

ST_P CATALOG

12 J_ 196o

A DIVISIO_ OF" NOMTM AMir_ICAN AVIATION. IN_--

Procedure- R-2.3._.

A typical acceptance stamp for the three plants is illustrated
below:

6.1

NAR I
INSP

I00 .

Neosh__._._o

NAR
JNSP

AIO0 NAR
INSP

SlO0

O @ O
6.2 A survey reveals thzt the illustrated st_mps, here_n noted

by Fig. No., are the ones requiring a letter prefix for
Plant identification:

Figure N_mbers are -I, 2, 3, 6, 7, 8, 9, 10,.3-1, 14, 23,

24j 25, 26, and 35,

F-9




